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A.J1.)KypaBiieB 



CnOCOB nPHrOTORIEHIW H COCTAB K0Mn03HUHfl J^' 
HMMOBHJIH3AIWH BHOJIOrHHECKHX MAKPOMOJIEKVJI B 
r^ZlPOrEJWX H ETO nPHMEHEHHE Jim HSrOTOBJIEHM BHOHHnOB 

H3o6p«.„„e oTHocHxc, K o6.acx„ Mo,eKy™p„ofl 6„o.„™„ „ 6„oopra„„HecKO« 

XHMKH „ Kacae,., kOM„0,™h« »™ „„„o6„™3a„H„ MO^H*H„„poBa„H«X 

oa„,.o,„oeo™.oa. 6e»0B, „yK.e„„o..x ™ h™ ™6«x „„,eKy. 

Hccy^H, „c„acMu,e„„.e , h3„,™„.h„„ M»p„,„„o. „„o.om 

*o™„H;^„„p,eM„« oo_p„3a„™. H3c6pax.H„e xaK>Ke othoohtc, k «o™h 
H3roTOB.e„™ MHKpo^no. „ „p„Be^e„„,o „c„„Mepa3„o« „en„o« peaK„„„ (nUP) na 
HHne. „axo^u,„x „p„Me„e„„e a MoaeKy;„p„o« 6„o.c™„ „p„ ceK.e„„pcBa„„„ „ 
KaprpHpoaaHHH flHK. „p„3aH„„ Myxa™.« „ „eaor„ p«a Me_K„. 

npHJIO>KeHHH. 

HsBecTOB, ny6.„Ka«„„ no hmmc6h™«„,„h Mc^„*„„„po,a„„„, 
o.„r„„yK.eo™,„B „ 6e«oB . ^^^o. re.e „p„ „3„„™ e„„™„„B 

MCTO/IOM COnOJIHMepH3aHHH [1,2]. 

[I] F. N. Rehman, M. Audeh, E. S. Ab,ams. P W. Hammond. M. Kenney and T. C. 
Boles, Nucleic Acids Research, I999,V.27, N 15, P. 649-655. 

[2] Vasiliskov A. v.. Timofeev E.N., Suni,ilcov S.A., Drobyshev A.L.. Shick V.V.. 
Mirzabekov A.D., BioTechniques 1 999,27, P. 592-606. 

KoMno3„„H„, KOXOP..C Hcno»30Ba.„cB B ,™x paeorax ^ HsroxoB^e™, 
o™xo„y™„„x „ 6e»OB„x M„Kpo,Hno.. yc„oB„o pa3.e.nT. „a 
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cjie^yioiUHe cocTaBJi>iK)inHe: 

• MoHOJuepbi, cocmaejiMiouiue ocnoey 4>opMupyeMoeo zenn: 

B KanecTBe rejieo6pa3yiomeH ocHOBbi 6buiH Hcnojib30BaHBi cmcch aKpHJiaMHj^a h 
N,N'-MeTHJieH6HcaKpHJiaMH;ia c o6mHM co^epacaHHCM T = 5%, C=5% (19:1)[2] h 
T=10%, C=3,3%(29:1)[1]. - 

• Modu(puifupoeaHHhie onmonyKJieomudhi u 6ejiKu, necytifue HenacbnifeNHbie 
apynnbi, 

1 Ipe;;jio>Keiiti MexoAbi cMHTesa MOAH4>HUHpoBaHHbix ojiHronyKJieoTHZiOB h Gcjikob, 
HCcymHx MeraKpHjiaMH/iHyio [1], aKpHjiaMHOTyio [2] h ajijinnbHyio [2] rpynnu. 

• Cpeda npoeedenuH (pomouHdytfupyeMoii nojiUMepmaifuu. 

JXnsi 4)opMHpoBaHHH FHAporenji HcnojibsoBaiiHCb BOOTO-rjiHuepHHOBbie pacxBopsi 
B cooTHomeHHH 60:40 [2] h 25:75 [1] cooTBexcTBeHHO. 

TexHOJiorHfl HMMoSHjiHsauHH 5HonorHHecKHx MaKpoMOJieKyji b rn/iporejiHx 
Haxo^tHx npaKXHHecKoe npHMeHCHHe, b nacxHocxH, npH HsroxoBJieHHH 6HonorHHecKHx 
MHKpoHHnoB (6HOHHnoB) (Khrapko et al., US Patent Xo5552270; Ershov et al., US Patent 
J^o5 770721), paccMaxpHBacMbix a Hacxonmee BpeMK b KanecxBe ootofo h3 HaH6ojiee 
nepcneKXHBHbix anajiHXHHecKHX HHCxpyMeHxos b xaKHX o6jiacxHX, KaK HsyneHHe 
cxpyicxypbi ^HK b MOJieKyjinpHOH 6HOJiorHH, reHHaa MeflHUHHCKan j^HarnocxHKa, 
MOHHXopHHr naxoreHHbix MHKpoopraHH3MOB H jxp. B xaKHX HHnax MaKpoMoneKyjibi, 
HrpaiomHe pojib MoneKyjinpHbix 30h^ob, HMMo6HJiH3yK)XCH b anefiKax rH^porejiH, 
saKpenjieHHbix Ha o6ineH no/uio^Ke h o6pa3yK)mHx peryjiapHyio cxpyxxypy (MaxpHuy). 

M3BecxHbi cnoco6bi H3roxoBJieHHH 6HOHHnoB Ha ochobc FH^porejieH, b Koxopbix 

XeXHOJlOrHHeCKHH UHKJl COCXOHX H3 3XanOB: (1) nOAFOXOBKH nOJ[lJ10)KKH, (2) 
(|)OpMHpOBaHHH Ha HCH MaxpHUbl HHCeK FCJIH, (3) HaHeCeHHfl Ha HHCHKH paCXBOpOB 
SHOJlOrHMeCKHX MaKpOMOJICKyjl B COOXBeXCXBHH C SapaHCe COCXaBJieHHOH cxcmoh 
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6HOHHna, (4) xhmhhcckoh o6pa6oTKH aneeK c uejibio HMMo6HjiH3auHH M0JieKyji-30H;^0B, 

(5) OTMMBKH H HpOCyiUKH nOJiyHCHHHX 6HOHHnOB. fljjIJI (i)OpMHpOBaHHH MaxpHUBI HHCCK 

reji^ npe/lJio^eHBi mqtoa JiaaepnoH a6xI-a^HH pacnojio^eHHoro no;^ cnnouuHBiM cjiocm 
rejiK cneuHajibHoro CBCTonorjiomaiomero cjioh c reoMeTpHeS, /lonojiHHTejibHOH no 
OTHomeHHio K saAaHHOH reoMexpHH MaccHBa aneeK (Ershov et al., US Patent No 5770721), 
a TaioKe mctoa (})OTonojiHMepH3auHH nepes MacKy (Guschin et al.. Manual manufacturing 
of Oligonucleotide, DNA, and Protein Microchips, Analytical Biochemistry, 1997, Vol. 
250. No. 2, pp. 203 - 211), 

VKasaHHtie cnoco6Bi xexHHHecKH cjio^hbi h HcnojibsyiOT ^po^e;^yp^>I, He 
o6ecneHHBaiomHe Heo6xoAHMOH OOTopoOTOCXH h BocnpOHSBO^HMOCTH CBOHCTB rejieBfcix 
HHecK H njioxo nojomaiomHXCH aBTOMaxHsauHH. 

npej^jio^eHfci xaKxce cnoco6bi npHroxoBJienH^ 6HOHHnoB na ochobc rejin, b 

KOXOpOM CXa^HH (|)OpMHpOBaHHH MaCCHBa HHeeK H HMM06HJIH3aUHH M0JieKyjI-30H;X0B 

oe-be/iMHei-iLi B ojxHy 3a cnex HcnojibsoBaHH^ xcxhhkh 4)oxo- hjih xHMHHecKH 

HHZ^y^HpyeMOH CO^OJIHMepH3a^HH [1,2]. CyXB HX COCXOHX B HCnOJIB30BaHHH 

nonHMepHsauHOHHBix CMecefl, b cocxaB KoxopBix nap^ij^y c MOHOMepoM h cuimbkoh 
BXOJ5HX HMMo6HJiH3yeMBie MaKpOMOJieKyjiBi, CHa65KeHHBie Henpe^^ejiBHOH rpynnoH, 
o6ecneHHBaK)meH BcxpaHBaHHe 3xhx MOJieKyji b nojiHMepHyK) cexKy mjiporcnK, 

CorjiacHo npoxoKOJiy npHroxoBJieHHH 6HOHHnoB, onHcaHHOMy b pa6oxe [1], 
^HCHKH HHna nojiyHaioxcH nojiHMepHsauHeH KanejiB yKa3aHHOH CMecH, HaneceHKBix Ha 
^0/^JI03KKy c noMomBK) MHKponHnexKH. 

B pa6oxe [2] ajih nonyneHH^. . HHna HcnojiB3y-excH cneuHanBHan xoiii^ecnofiHa^ 

(=5 MKm) KaMCpa C peaKHUHOHHbIM Oe-BeMOM, OrpaHHHeHHBIM C OOTOH CXOpOHBI 

noAJio5KKOH 6y;iymero HHna, a c jjpyroU - okhom, np03paHHBiM b VO o6jiacxH. SLhoPlkh 
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6H0HHna 4)opMHpyK)TCJi oma 3a «pyrofi nyrcM qHKJiHHecKoro BMnojiHCHHa cjieAyiomHX 
onepauHfl: (1) sanojiHeHHH KaMepti cMecbio c cooxBercxByiomHM 3oh;iom, (2) 
no^HMepHsauHH cmcch b mcctc naxoHcaeHHa 6yaymeii HneftKH YO HSJiyneHHeM, 
c4)OKycHpoBaHHi.iM B KBa^paxHoe nHTHO HeoGxoaHMoro pasMepa, (3) npoMWBKH KaMepw 
nepea aanojiHCHHeM ee OHepeflHBiM pacxBopoM. 

OHeBH^Ho, HTo paccMOTpcHHwe BapHaHTM xexHOJiorHH conojiHMepHsauHH xaK»e 
Majio npHrojiHw ana aaxoMaxHsauHH HsroxoBJicHHa 6HOHHnoB. Ohh hmciox xaKxe h psiji 

HeaoCXaXKOB C XOHKH SpCHHa XHMHH HMM06HJIH3aiIHH: 

1. HcnojiMOBaHHe xojibko aKpiuiaMHfla h N,N'-MeTHJieH6HcaKpHJiaMHaa npn 
HsroxoBflCHHH rcjieft chjibho orpaHHHHBaex cncKxp nojiynaeMbix rHflporejiefi no 
cxpyKxype h nopncxocxH. 

2. ripe^oHceHHWH aBxopaMH b pa6oxe [1] mbto^ nojiyneHHa MoaH4)HUHpoBaHHbix 
ojiHroHyKjieoxHflOB nosBOJiaex nojiynaxB xojibko S'-KOHuesyio MexaKpHjiaMH^Hyio 
rpynny, CBHsaHHyio c MOJiCKyjiofi OJiHroHyKJieoxH;^a KHCTOxo;ia6HjibHoa 4)oc4)oaMHAHoft 

CBSlShK) [3-5]. 

[3] N. N. Preobrazhenskaya, Russ.Chem. Rev., 1972, 41, P.54; 

[4] Chanley J.D., Feageson E., J.Am.Chem.Soc, 1965, 87, P.3 199; 
[5] Clark V.M., Kirby G.W., Todd A.R., J Chem.Soc, 1957, P. 1497. 

3. B pa5oTe [2] npo6jieMa KHcnoTOJia6HJii>HocTH xepMHHajiBHOH rpynnw 
npeoj^ojiCHa, oOTaKo upcjxnoyKeHHasi aBTopaMH ajijiHjibHaH xepMHHajibHaH rpynna 
BBO^HMan B MOJieKyjiy ojiHroHyKJieoTH^a o6jia;iaeT hh3khm cpo^cxBOM k aKpHjiaMH;xy h 
6HcaKpHJiaMHiiy b peaKinHH conojiHMepHsauHH. 

4. ja,jiK HMMo6HJiH3auHH 6ejiKOB B pa5oTe [2] npeOTO>KeH ziByxcTa^HHHbifi MQ^o^ 
M0ziH4)HKauHH no3BOJi^K)mHH BBO/iHTb Henpe/iejibHyio rpynny tojibko no NH2-rpynnaM. 



npejuiaraeMan b paSoxe [1] axMoc^epa BJia)KHoro aaora npoBe;ieHH« 

XHMHHeCKOH nOJIHMepHSaUHH 3JieMeHT0B MHKpOMHna CHHacaer 34)4)eKTHBHOCTB. 

nojiHMepHsauHH. 

Hcno;iB30BaHHe b pa6oTe [2] jinsi npoBe^cHM 4>OTOHH^yuHpyeMOH 

nOJIHMepHSaUHH HCXOHHHKa ycD.H3nyHeHHa C mHHOH BOJIHBI 254 HM npHBOOTT K 
^eCTpyKUHH OHHrOHyKJieOTH^lOB [6]. 

[6] Saito I., Sugiyama H., Furukawa N. & Matsuura T., Tetrahedron Lett., 1981, 
22, 3265-3268. 

KpaxKoe onHcaHHe phcvhkqb 

PhC.1 HMM06HJIH3a^HH OJIHrOHyKJieOTHWB C 5'-TepMHHajIbHOif HeHaCBIUieilHOH 

rpynnofl na MOOT4)HUHpoBaHHOM cxeKJie. KoMnosHUHH 

A aKpHJiaMH;i: N,N'. MeTHJieH6HcaKpHjiaMHj5-TI 0%, C5%; rjiHqepHH.64.5% 

B aKpHjiaMH;^: N,N^- MeTHjieH6HcaKpHjiaMH;i-T5%, C5%; rjiHuepHH-64.5% 

C (aKpHjiaMHzi+N-[TpHc(rH>5poKCHMeTHJi)MeTHJi]aKpHJiaMHj5(l:3))): 

CN,N'-MeTHJieH6HcaKpHJiaMH/i+N,N'-(l,2-;XHrHApoKCH3THjiaKpHJiaM (3:7), 
T5%, C25%; rjiHuepHH.64.5% co/iep>KaiHHe ojiHroiiyKjieoTHAu 
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c 5'. TepMHHajiBHofi MexaKpHJiaMHOTOH rpynnoH (C=130pmol/Ml) no;iHMepH30BajiHCB 
noa fleHCTBHeM YO HSJiyneHHa Ha MoaH(J)HUHpoBaHHOM creicjie. HMMo6HjiH30BaHHbie 
ojiHroHyKjieoTHflBi rH6pHflH30BajiHCB c 4)jiyopecueHTHo MeneHHOH ojinroHyKJieoTHOToft 
npoSoH (l^iM. IM NaCl). OnyopecucH-iaa KapxHHa nojiyncHa c noMomtio 
4)JiyopecueHTHoro MHKpocKona. 

Phc. 2. TepMOflHHaMHHecKHH aaajiHs 8-MepHbix AynjieKCOB. 
HMMo6HjiH30BaHHHfi ojiHroHyKjieoTH^i (C=130pmol/nl): 




O 



HN- 



O 

■O- P— O-GAACTGAG 
OH 



rH6pHziH30BaHHbift 4)JiyopecqeHTHo MeMCHKbiH ojiHroHyKneoTH/i: 5'- 
CTCAGNNC-Tex-Red (IjiM, IMNaCl). KoMno3HUHH: 

A aKpHjiaMHfl: N,N'- MeTHJieH6HcaKpHjiaMHfl-Tl 0%, C5%; rjiHuepHH-64.5% 
B aKpHJiaMHa: N.N'- MeTHJieH6HcaKpH;iaMH;i-T5%, C5%; rjiHuepHH-64.5% 
C (aKpHnaMH;i+N-[TpHc(rHjipoKCHMeTHJi)MeTH;i]aKpHJTaMHj5(l:3))): 
(N,N'-MeTHJieH6HcaKpHJiaMHa+N,N'-(l ,2- >[iHrHflpoKCH3THJiaKpHJiaMHfl)) (3:7), 
T5%, C25%; rjiHuepHH-64.5% conep>KamHe ojiH.roHyK;ieoTH/u,i 



Phc.3. liMuoGunuzamsi 6ejiKa b rH^poreiie nepea MOOT^HUHpoBaHHLie 
aMHHorpynnbi. 

MoOT4)H«HpoBaHHbifi 6e;iOK Bamase c SBe^eHHSiMH HenpeAejibHtiMH rpynnaMH 
OT 1 ito 9 Ha MOJieKyjiy 6e;iKa, 6bi;i HMMo6HiiH30BaH mctowm 4)OTOHHaynHpoBaHHoft 
co^o;IHMepH3a^HH noM aeftcTBHCM YO HanyneKHH 312 hm Ha Mo^^H(i)H^HpoBaHHOM Bind 
Silane creKJie. KoHucHTpauHH 6enKa .B rejieBbix sjieMCHTax MHKpoHHna cocTaBjiiijia 0.09 
Mr/MJi. CocraB nojiHMepHsauHOHHofi cmcch cooxBexcTBOBaji: T5%, C25%; 
(aKpHjiaMHa+N-[TpHc(rHflpoKCHMeTHJi) .MeTH;i]aKpHjiaMHa(l:3)): (N,N'. 

MeTHJieH6HcaKpH;iaMHfl+N,N'Kl,2-flH™^(poKCH3THjiaKpHjiaMHa))(3:7).mH«^^^^^ 

CBasbiBaHHe c 4)JTyopec^eHTHOMeMeHHBIM HHrH6HTopoM Barstar npoBOOTOT b 
coiieBOM 0,1M NaCl O.OIM 4)oc4,aTHOM 6y4,epe pH 7.4, co^iepHcameM 0.1% Tween 20, 
KOHncHipauHH Barstar -0,1 ur/un, npn 5°C, 8 nacoB. OueHKa b;ihhhh« KOJiHHecxBa 
BBezieHHbix rpynn na coxpaneHHe ^epMeHxaxHBHOH aKXHBHocxH HMMo6HjiH30BaHHoro 
6e;iKa npoBOM no BenHHHHe «i,Jiyopec«eHXHoro cHraajia, no^iyneHHoro c noMombio 
4)JTyopecueHXHoro MHKpocKona. 

5 1 - rejib 6e3 6exiKa 

52 - xoxaJibHO MoziH^HUHpoBaHHbiH 6ejioK, (9 rpyiui) 

53 - 5 rpynn, S4 - 1 rpynna 

Phc.4. HMMo6HjiH3auHa 4)parMeHX0B JlfiK b aKpHjiaMHanoM rejie 
(aKpHnaMH;i-N, N'- MexHjieH6HcaKpHiiaMH;,-T5%, C5%), necymHx xepMHHajibHyio 
HeHacbimeHHyio rpynny. 

A. rH6pHaH3aUHH HMM06H.ITH30BaHHbIX OJIHrOHyKJICOXH^lOB 

ABL65 5-- CAGTCTGGAGAAACACTCCTGGTAC-3'. 
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HecyiuHx HJiH He Hecymnx repMnnajiBHyK) rpynny MAA. h HecneqH^HHecKoro 
OHHroHyKjieoTH^ia olige 509 c npoSoft, MeneHHofi FITC (probe ABL67). 
OjiHroHyKjieo-mji ABL67 KOMnjiHMCHTapeH onuroHyKjieoTHny A BL65. 

B. OKpauiHBaHHe SYBR II Green ^parMenra rena ABL nejiOBeKa, 
HMMo6HJiH30BaHHoro Ha creKiie (ABL DNA). OparMCHT flHK 6m;t nonyweH HHP 
aMnjiH4>HKa«HeH kJXUK co cneuH^HnecKHMH npattMepaMH k reny ABL. Hpo^yKT ^™hoh 
334 nap ocHoaaHHH (233-566 HanHnaH or cxapra xpancKpHnuHH) 6^.n o6pa6oTaH 
anrn^ipHilOM McxaKpHiioBofl khcjiotbi h HMMo6H;iH30BaH Ha cxeKJio. OKpaniHBaHHe 

npOH3BO;iHJIOCb no peKOMCHaOBaHHOii npOHSBOOTXejieM Mexoj^HKC. 

C. rH6pHziH3aqHa xoro Ke HMMo6H;iH30BaHHoro 4)parMeHxa c npo6ofi, MeneHHOH 
FITC (probe 67). 

Phc.5. AexeKUHa Myxa«HH b 526 h 531 Ko;ioHax rena, Ko;^HpyK>mero PHK- 
no^iHMcpaay M... tuberculosis, c noMomsio nUP Ha MHKpoHHne, no;TyHeHHOM c noMouzBio 
Kono;THMepH3auHH. TpH He3aBHCHMi.ix oHBixa 6BUIH npoBeiieHBi. Hcnoin.3yH b KanecxBe 
Hcc;ieiiyeMOH flHK renoMHyio ^HK M.tuberculosis ;^HKoro xnna /IHK, 
co;iep>Kamyio H3BecxHyio MyxauHio (Trp53 1 hjih Asp526). 

Cxeivia HHna 



o o o o 
o o o o 



531 
526 



0 

CxpyKiypa o;iHroHyKJieoxH;»OB, HMMo6H;iH30BaHHi.ix Ha MHRponnne Mexo^oM 

KOnOJIHMeTH3aUHH 



531 Ko;iOH 

1 .leu 53 1 GGTTGACCCACAAGCGCCGACTGTT 

2. cys53 1 GGTTGACCCAtAAGCGCCGACTGTGT 

3. trp53 1 GGTTGACCaACAAGCGCCGACTGTGG 
GGTTGACCCACAAGCGCCGACTGTC (^hkhA thh) 



4. ser531 



526 Ko;iOH 

1. Asn526 CCAGAACAACaCGCTGTCGGGGTTGACCA 

2. Tyr526 CCAGAACAACaCGCTGTCGGGGTTGACCT 

3. Asp526 CCAGAACAACCCGCTGTCGtGGTTGACCG 
CCAGAACAACCCGCTGTCGGtGTTGACCC (mKH& thh) 



4.His 



CxpyKTypa ojiHroHyKjieora/ioB, HcnojibsycMbix b 



pacTBope 



F (npMoa): 5'-NH2.GOT-COC-COC-OAT.CAA-GOA-GT-3' 
R (oepaTHMB): 5-- NHj-CGG-CAC-OCT-CAC -GTG-ACA-GA-S' 

PHC.6. *Mo„cTpa«„, aj,^e;,ecneu„4.HHecKoro yM„„e„„, „„„o6„™3oBa„„.,x 
npaflMcpoB B pe3y»Ta« nqP, „poBe^e„„„ro B„yxp„ r=™ „e.K M„Kpo™„a noM 
MHHepa.^™ MacoM. B KanecTBe hccc^^mos flHK Hcn<,»30Ba„ac. reHO„„a, flHK 
™«a .HKoro ™a M.,„6.« B „„»„e« ,ac™ p„cy„Ka „pe„„« 
or„oc„™.HB,e KO.„„H„e _ o6 „ht=„chb„oc.h 4..yopec„e„„„„ (KaK 
c.e^cTB„e r„6p„;,„3a„„„ *;^„pec„e„T„„ Me,e„o« acc„M„eTp„,„o« nUP-„en„ c 
y^H„e„„B,M B pesy^BxaT. niff „MMo6„™30.a„„„„ „pai,MepoB) b „e«Kax c 
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nOJlHOCTSK) KOMIUIHMeHTapHSIM HCCJie^r^yeMOH mK npaHMepOM (Wt) H B HHCHKaX c 

MyxaHTHtiM npa&MepoM (mut). 

Cip:^Typa o^roHyioieom^oB HMMo6H;iH30BaHHsix hb MHKpoHHne mcto/^om 

KOnOJIHMeTH3aUHH 

C4: CCAGAACAACCCGCTGTCGGtGTTGACCC (toS thd) 
C5: CCAGAACAACaCGCTGTCGGGGTTGACCT (Tyr526) 

CviUHOCTb H3o6neTeHww 

CymHOCTB HaoSpexeHHH saioiioHaeTCH b tom. hto o^roHyKjieoxH^Bi, 
HyKjieHHOBBie khc^iotbi. npoxeHHBi nn^ nK)6Bie ^^pyrne 6Ho;iorHHecKHe MaKpoMo^exy^iEi 

MO«H4)HUHpyiOTCa paSJIHHHBIMH Henpe^^eilBHBIMH rpynnaMH, HMeiOmHMH BBICOKOe 

cpoflCTBO c HenpeaejiBHbiM MOHOMepoM, cocxaB^ifliomHM ocHoay (i)opMHpyeMoro 
m/iporejiH (HanpHMep, aKpajiaMH^oM, MexaKpnjiaMH^ioM hjih ;ik)6bim ;ipyrHM MOHOMepoM 

Ha HX OCHOBe), n03B0JIHI0mHMH npOBO/lHXB 34)4,eKXHBHyK) HMM06H;iH3aUHIO no;,yMeHHUX 

MOflH4)HUHpoBaHHi.ix o^FOHyKiieoxH^ioB B reiie Henocpe^icxBeHHo b npoyecce ero 
npHroxoBjteHHH. B nacxHocxH, yKa3aHHbiH cnoco6 HMMo6H;iH3a«HH jier b ocHOBy 
npe^iJiaraeMoro aBxopaMH cnoco6a ..pHroroB.,euH« Ghoj.o.hmcckhx mhkpomhuob hu 
OCHOBe FHiiporejieH, HBjwiomerooi cocxaBHofi Hacxi.10 Aaiiiioro H3o6pereim«. 

CorjiacHo npeziJiaraeMOMy aBxopaMH cnoco6y HMMo6HJiH3auHH 6Ho;iorHHecKHx 
MaKpoMOjieKyn b rHzipore;i«x. ^« npHroxoB;ieHHH noc;ieiiHHx HcnojiB3yioxcH 
KOMno3HUHH cjieflyiomero cocxaBa: * 

K =A''+B''+C'+D'^+E«= 

3iiecs: 

K- K0Mn03HUHfl; 

A- aKpHJiaMH/i, MexaKpHjiaMH/i, N-{xpHc(rHflpoKCHMexHji)MexH;i}-aKpHJiaMHa, hjih 
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apyroH MOHOMep Ha ocHoee npoHSBOflHwx aKpHJioBofi h MeTaKpH;ioBofl khcjiot; 

B- N,N'-MeTH;ieH6HcaKpHHaMH;i. N,N'- 1 .2-AHrH;,poKCH-3TH;T6HcaKpH;iaMH^, 
noiiH3THneHrjiHKo;iB;iHaKpHJiaT, hx cmccb h;ih ;^pyroH CHMMexpHnHBiH hjih 

HeCHMMeTpHHHBlft BOflOpaCTBOpHMBlft CIUHBaiOmHii areHT Ha OCHOBe npOH3BOflHBIX 

aKpHJioBoft H MexaKpHjioBoa khcjiot; 

C- MOflH4)HqHpOBaHHBIH OJIHrOHyKJieOTH^, MOflH4,H«HpOBaHHaa HyKJICHHOBaa 

KHCJioxa, npoxeHH h;ih ^ipyraa MOJiCKyjia. necymaa HenacBimeHHyio rpynny; 

D- FTOpHH. caxapo3a, OTMexHJi^opaMH^, OTMexH;icynB4)OKCHii, nojiHcnnpxBi 
(HanpHMep nonHBHHHnoBBiH cnHpx) h™ ;ipyroe Bo^opacxBopHMoe BBicoKOKHn^mee 
coeAHHCHHe; 

E- BOfla; 

a,b,c,d,e-npoueHXHoe coiiepncaHHe Kaj^aoro KOMnoneHxa b komhoshuhh 
(X=m/vx 1 00% , mn XBep^isix BemecxB, hot X=v/vx 1 00% iim jkh/^khx BemecxB). 
3%<a+b<40%; 0.000 l%<c<10%; 0%<d<90%; 5%^e<95%. 
Hapw c rejiHMH hhoxo HaaHaHCKHH. yKaaaHHBie BBime KOMnosHUHH npe^JiaraexcH 
Hcno;iB30BaxB mn HaroxoBJiCHHa ojiHroHyKjieoxHAHBix, 6e;iKOBBix h /tHK(PHK) 

MHKpOHHnOB MeXOi,OM 4>OTOHHAyUHpyeMOH .COnO;iHMepH3aUHH no OnHCBIBaCMOH HH>Ke 
TeXHOJIOrHH. 

.,.B 3aflBiieHHBix KOMno3HT.i.HHx, ffM^ H3roxo-3;ieHHa.o;iHroHyK;ieoTHflHBix, 6e;iKOBBix. 
;iHK(PHK) HHnoB npeanaraexca HcnojiB30BaxB cjie^iyiomHe KOMnoHCHTBi: 
• MoHOMepti, cocxaBJifliomHe ocHOBy 4)opMHpyeMoro rejia. 

B KanecxBC MonoMepoB re;ieo6pa30BaHHa npe^JiaraioxcH pasjiHHHBie conexaHHa 
aKpHJiaMH^a, MexaKpniiaMH^ia. N-{xpHc(rHapoKCHMexHJT)-MexH;i}aKpHJiaMH;i, N,N'- 
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MeTHJieH6HcaKpHjiaMHM, N,N'-l,2-;iHrH;ipoKCH-3THji5HcaKpHjiaMH;ia HJiH jno6oro 
iipyroro BOflopacTBopHMoro MOHOMepa na ochobc npoHSBOflHbix aKpHJioBofi h 
MeraKpHJioBoft khctot. Upu 3tom o6mee coaepnoHHe MOHOMepa h cuiHBaiomero areiixa b 
KOMno3HUHH jie«HT B HHTcpBajie 3-40% (3<T<40). a coo-raomeHHe MOHOMepa h 
cuiHBaiomero arenra naxoOTxcH b npejejiax 97:3-60:40% (3<C<4G). 

PasjiHHHBie coHexaHHa h cooTHomeHHa MOHOMepoB no3Bo;iHK)T nojiyHari. 
ra^iporejiH, c sa^aHHofl bcjihtohoh nop. 

• MoaH4)HUHpoBaHHbie ojiHroayKjieoTHflbi, 6ejiKH, HyKJiCHHOBbie khcjiotbi, Hecymne b 
cBoefi cTpyinype ocxaxKH HenpeaejibHbix khcjiot. 



Cnocodbi Modu^uKatfuu ojiuzoHyKJieomudoe 
Rnn H3roTOBJieHHfl ojiHroHyKjieoTHflHwx MHKpoHHnoB HaMH npe^iJiaraioTca 
cHHTCTHHecKHe ojiHroHyKJieoTHjibi o6meH 4)opMyjiM: 

^=C\ li /""OLIGO 
R2 Y— C— 

I 

tjxq: 

R' , R^ - H, ajiKHji C,-C6, Ph, PhCHz- ; 

Z - (CH2)„CH(CH20H)CH20X, vm n= 1-6; hjih (CH2)„-0X, r^e n= 2-6; 
X - <l>oc4)OOT34)HpHaa rpynna, CBHSbiaaiomafl Henpe^ejibHWH 4)parMeHT c 5'- 
h/hjih 3'-kohuom ojiHroHyKjieoTHaa. 
R'^-H, (CH2)„OH,r;ien=2-6; 
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Y- (p-C6H4)„, r^e n= 0-2; 

KOTopsie nojiynaiOT c noMombio cooTaercTByiomero cl)oc(l)oaMH;iHT„oio 
TBep;io4)a3Horo CHHxesa hjih auHJiHpoBaHHH CHHxesnpoBaHHoro onHronyKiieoTHAa, 
coflep^amero aMHHOJiHHK, aKXHBHpoBaHHsiM 34,HpoM Henpe/iejiBHOH khcjiotm b 

nOCTaBTOMaXHHeCKOM pe^HMC. 

. B aBTOMaxHHecKOM pe)KHMe BBeacHHe nenpeaejiSHBix coe;iHHeHHH b CHHxexHHecKH» 
ojiHFOHyKjieoxHfl ocymecxBJiaexca c noMomsio cooxBecxayiomero (l)oc4)oaMH;iHxa. B 
o6meM cjiynae MOOT4)HKa^HH ojiHroHyKJieoxHflos naMH npe^araioxoi 

4)oc4)oaMHaHXbi 4)opMyjiH : 



rae: 

>1 r>2 



OCNEt 

^C=cC II (CH2)„0-'^-N(iPrX 

R2 ^Y— c— ^r 



II 



R,R - H, ajiKHji C,-C6, Ph, PhCH2-, rae n=2-6 ; 

R^ - ajiKHji Ci-Ce ; 

R' - H, (CH2)„-0/lMT, me n= 2-6; 

Y - (p-C6H4)n, rae n= 0-2; 

B npHMepe 1 npeacxaBJiena Mexo^Ka CHHxeaa 2-(N-MexaKpHnaMHH03XHJi)-N,N'- 
;iHH30nponHji-2-qHaHO3XHJi(|)oc4»opaMH;iHxa. 

Ann BBezieHH5, ocxaxKa Henpe^ienbHoii khcjioxbi no 3'- KOHuy ojiHroHyKJieoxHjiOB b 
ycjioBHHx aBxoMaxHHecKoro cHHxesa ojinroHyKJieoxHiioB HaMH npe^JiaraioxcH CPG 
cjieayiomero cxpoeHHH: 
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Ri R3 



R. 




O 



^Jj^ ^ODMT 




III 

me: 

R\ - H, ajiKHJi C-Cfi, Ph, PhCHz-; 

R"' - ajiKHJi C1-C6 ; 

Y - (P-C6H4)„, TAG n= 0-2; 

ZtaHHoe MoaH(I)HUHpoBaHHoe CTCKjio (CPG) Hcnojib3yercH b craiij^ap thmx 
ycjioBHax aBTOMaxHHecKoro CHHTeae ojiHronyKjieoTH/ioB. 

B npHMepe 2 npHBe;ieHa MeroaHKa cHHTesa methactylamide CPG-support. 
• B nocTaBTOMaTHHecKOM pcMCHMe BBe^^eHHe nenpeaenbHoro ocTaxKa b 
ojiHroHyKJieoTHfl ocymecTBjifleTca b peayjibTaxe peaKUHH 4-HHTpo$eHHjioBoro 3(l>Hpa 
cooTBexcTByiomeH khcjiotbi c CHHxeaHpoBaHHbiM ojiHroHyKjieoTH^ioM, coflep>KamHM 
aMHHOJiHHK, no, 5'- H (h;ih) 3'-K0Hiiy. 4-HHTpo4)eHH;ioBbie s^npBi nenpe^iejibHbix 
KHcnoT nonyqaiOT b peaxuHH cooTBercTByiomHx khcjiot c 4-HHTpo4>eHo;iOM b 
npHcyrcTBHH itHUHKJioreKCHjiKapSoOTHMHiia hjih aHriwpH;ioB (b tom hhcjic 
xjiopanrHiipHaoB) khctot b npHcyrcxBHH ocHOBaHHfi. 

B npHMepe 3 npHBcaeHa a o6ma5i npoqe^iypa auHjiHpoBaHHH ana CHHTexHHecKHx 
ojTHroHyKjieoTHjiOB c HeHacbimeHHbiMH rpynnaMH. 
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Ha pHC. 1 npHBe;^eHi>i peayjibxaxti rH6pHziH3auHH na ojiHroHyKJieoxH^^HOM 
MHKpoHHne, r^e ojiHroHyKjieoTH^[ c 5'-TepMHHajibHofi MexaKpHjiaMHOTOH rpynnofi 6hin 
nojiyncH b cxaHj^apxHSix ycjioBHHx aaxoMaxHHecKoro CHHxeaa ojiHroHyKjieoxHAOB c 

HCnOJTI>30BaHHeM OOTOrO H3 (i)OC(J)OaMHAHXOB (J)opMyjii>i (II). 

Cnoco6bi Modu^UKaiiuu /JHK 
J5ji5i HsroxoBjieHHH JX^yi MHKpoHHnoB HaMH npcj^jiaraioxcM xpH cnoco6a 
MO/iH4)HKauHH (i)parMeHXOB AHK juisi BBej^CHHH HeHacbimeHHofl rpynnbi s cxpyxxypy 
MOJieKyjibi: 

• Hcnojib30BaHHe b PGR aMnjiH4)HKauHH CHHxexHHecKoro npaiiMepa, necymero 
xepMHHajibHyK) nenpe^tejibHyio rpynny. 

XlaHHbiH Mcxozi no3B0JiHex nojiynaxb ^ByxuenoHCTObm hjih OAHOuenoHCHHbiH 
4)parMeHx ^HK cJIez^yIOI^e^o cxpoeHH^i: 



IV 

r^e: 

R ' , R^ - H, ajiKHH C i -Ce, Ph, PhCH2- ; 

Z - (CH2)nCH(CH20H)CH20X, rae n= 1 -6; hjih (CH2)n-OX, rae n= 2-6; 
X - Ooc4)oaH34)HpHas[ rpynna, CBflawBaKJmasi HenpeaejibKbiH 4>parMeHT c 
KOHuoM 4>parMeHTa flHK. 

R'* - H, (CH2)nOH, rae n= 2-6; 
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Y - (p-C6H4)n, TAe n= 0-2; 

• rip^iMoe auHJiHpoBaHHe 4)parMeHT0B fftlK anrujipumM Henpe^ejibHoii KHcjioTbi, 

HcnojibsoBaHHe anrHj^pHj^OB HenpcAejibHbix khcjiot rjih auHjinpoBanHH ^HK 
no3BOJi^eT nojTj^axb Mo;iH4)HUHpoBaHHbie ^JparMCHTbi fftlK CJIe/^yIOI^e^o cxpoenHH: 



5'-XaDNA-3'-OZ 

V 



X=f03H2,H; )=^' Z=P03H2,H; )={ 

R, R3 Ri 



R' , R^ R^ - H, ajiKHJi C I -Ce, Ph, PhCH2- ; 
Y - (p-C6H4)„, r^e n= 0-2; 

IlpflMoe auHJiHposaHHe 4»parMeHTOB ff^K yaaeTCH npoBoziHTi, He aaxparHBaji 
3K30UHKjiHHecKHe aMHHO-rpynnbi ocHoaaHHH [7]. '' 

[7] Stuart A., Khorana H. G., J.Biol.Chem.., 1964, 239, P.3885-3892. 

B npHMepe 4 npHBe^tena MCTOziHKa O-auHJiHpoBaimji (l)parMeiii-oB AHK 

anrHflpHjiaMH Henpe;^enbHbix khcjiot. 

• AMHHHpoBaHHe ;^HK c nocjieayiomHM auHJinposaHHeM aKTHSHpoBanHbiMH 3(J)HpaMH 

HCHaCbimeHHSIX KHCJIOT. 

<DparMeHT flHK, aMHHHpoBaHHbift no MCTOj^y [8], auHJinpycTca 
aKTHBHpoBaHHbiMH 34)HpaMH HenpciiejibHbix KHCJIOT B BOflHO-opraHHHecKOH cpe;te. 

[8] Proudnikov D, Timofeev E, Mirzabekov A., Anal Biochem. 1998, 15;259(1), P. 

34-41. 
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nojiyneHHEie 4)parMeHTBi MOflH4)HUHpoBaHHOH mK HMeioT cjie^yiomee 
cxpoeHHe: 



DNA- 



H 



O R, 



NH 



HN 



-OH 




VI 



rae: 

,1 r,2 d3 



R , R , R - H, ajiKHji Ci-Ce, Ph, PhCH2- ; 
Y- (p-C6H4)„, rae n= 0-2; 

B npHMepe 5 npHBe^xena MeTOflHKa aMHHHpoBaHHa ^HK c nocne^yioiuHM 

aUHJlHposaHHeM aKTHBHpOBaHHWM 34)HpOM HenpeACJIbHOfl KHCJlOTbl. 

Ha pHc. 4 npe^iCTaBiicuu pcayjibiaru ruGpHAHaauHii „a MHKpoMnr.ax c 

HMM06HJlH30BaHHbIMH (jiparMCHTaMH ffHK. 



Cnoco6bi ModuipuKatfuu 6ejiKoe 
MoiiH4)HKauHio 6ejiKOB ocymecTBJWJiH xpeMa cnoco6aMH: 

1. AuHnHpoBaHHe 6e;iKOB no aMHHorpynnaM ocymecxBjiajiH aKTHBHpoBaHHsiMH 



Ri R3 o 

Y 



R 
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34)HpaMH KHCjioT cjici^yiomero cxpoeHHs: 



VII 

rjie: 

R',R^R^- H, ajiKHJi C-Cfi, Ph, PhCH2- ; 
Y - (p-C6H4)n, rae n= 0-2; 
R- (CH2)n, (CH20)n. n= 1 -20 

X- N-rH^ipOKCHCyKUHHHMHflHJl, p-HHTpO^CKHJlOKCH, neHTa4)TOp4>eHHJIOKCH 

saodasi apyrasi aKuenxopHaa xopouio yxo^maa rp3aina. 

Z-NH, 0,CH2,S 
MoiiH(j)HUHpoBaHHbie 6ejiKH HMejiH cjieayiomee crpoeHHe: 



Ri R3 o 

R^"^Y N ^Nr^ NH-PROTETN 



O 



VIII 



rae: 

R', R^ R^ - H, anKHJi Ci-Ce, Ph, PhCHj- ; 
Y - (p-C6H4)n, rae n= 0-2; 
R-(CH2)„, (CH20)„,n= 1-20 
Z-NH, 0,CH2,S 
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B npHMepe 6 npHBezieHa Mexo^iHKa MOflH(J)HKaqHH Gcjikob no aMHHo-rpynne ria 
npHMepe 6ejiKa Bamase. 

Ha pHC. 3 npe^icxaBjieHH peayjibTaxw rH6pHflH3aqHft na MHKpoHHnax c 
HMMo6HJiH30BaHHi>iM ScjiKOM Bamasc. 

2. AjiKHjiHpoBaHHe 6ejiKOB no cyjn>4)rHzipHJibHbiM h aMHHorpynnaM 
npoH3BOflHbiMH a.p-Hcnpe^iejibHbix Kap6oHH;ibHbix coeOTHCHHH, a,P-Henpe^e;ibHbix h a- 
rajioren Kap6oHOBbix khcjiot npoHSBOflHXCH peareHxaMH cjieayiomero CTpoeHHn: 

Rl R3 o 

-A 



R2 ^x-^ ^w- 



IX 



R', R^ - H, ajiKHji C-Ce, Ph. PhCHa- ; 
Y - (p-C6H4)„, rae n= 0-2; 
R-(CH2)n. (CH20)n.n= 1-20; 
X=NH, O, S, CH2; 
W= NH, O, CH2. 

Z= rajioreHMCTHJi, STeHHji, cyKUHHHMH;iHJi hjih ;iio6ofi apyrofi 4)pari 
coflepacaiuHH aKXHBHyKj Kpaxnyio caasb. 



MoflH4)HUHpoBaHHbie 6e;iKH hmcjih cjieayiomee cxpoeHHe: 
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R, O 




F — ^Z-PROTEIN 



O 



R\ R^ - H, ajiKHji C-Ce, Ph. PhCHz- ; 

Y - (p-C6H4)n, rae n= 0-2; 

R-(CH2)„. (CH20)„.n= 1-20; 

X=NH, O, S, CH2; 

W= NH, O. CH2. 

Z=NH, S; 

F=(CH2)n,n=l,2 

B npHMepe 7 npHBe^ena MerojaMKa ajiKHJiapoBanHJi aciiapraT aMHHOTpaHc4)epa3bi 

H3 UHT030J1H neiCHH Kyp 2-aKpHJ10KC03THJIMeTaKpHJia-TOM. 

3. 06pa5oTKa His6-peKOM6HHaHTHi,ix 6ejiK0B N-MexaKpHJioHJi- 

HHTpHJIOXpHyKCyCHOH KHCJIOTOii B npHCyTCTBHH COJICH HHKCJIfl (Ni^^) npHBO/lHT K 

o6pa30BaHHio KOMnjicKca cjie;iyiomero CTpocHHa: 




CH(CH2)4NH-CO(CH3)=CH2 



XI 



N-MexaKpHjioHJiHHTpHjioTpHyKcycHafl KHCjiora HMeer cjieiiyiomee cTpoeHwe: 



O 



HN-R-C— COOH 
I 

N-CH2COOH 
CH2COOH 



XII 



R= (CH2)n, (CH2CH20)„. n=0-20. 

Ha pHc. 4 npHBe;ieHbi peayjitxaTbi rH6pHaH3auHH aa npoTCHHOBOM MHKpoHHne. 



Cpeaa npoBeacHHa 4>OTOHH;^y^HpyeMOH nojiHMepHsauHH. 
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B KanecTBe cpe;ibi rejieo6pa30BaHH>i npe^uiaraiOTCfl BOflHo-rjiHuepHHOBwe 
pacTBopBi, pacTBopbi nojiHBHHHjioBoro cnHpra a Bo^e. pacTBopw caxapo3i., b bo^c, 
pacTBopbi ™eTHn4)opMaMH^ia, /iHMexHncyjiB^oKCH^ta hjih apyrnx BOAopacxBopHMbix h 
BsicoKOKHnamHx coeimHeHHft. CoaepHcaHHe bo^bi b KOMnoaauHax reneoepaaoBaHHH 
BapbHpyK>Tc;i a npejejiax 5%-90% (v/v), a BBicoKOKHnamero BoaopacxBopHMoro 
KOMnoHCHxa 5%-95% (m/v; v/v). 

PasjiHHHoe cooTHomcHHe bo^i h BbicoKOKHnamero BOAopacxBopHMoro 
KOMnoHCHxa no3Bon^ex nojiyHaxi. rejiesbie KOMnosHUHH pasjiHHHOH b«3kocxh. 
no3Bo;MiomHe BaptHpoBaxb pasMep re;ieBi,ix 3/ieMeHXOB MHKpoHHna npn 4)HKCHpoBaHHOM 
aHaMexpe nnna po6oxa. 

• MoHOMep, KOBajicHXHo npHuiHxwH K noBepxHocxH cxeKJia. 

JJjui MOOT4)HKa^HH noBepxHocxH cxeKjia c uejibio KoaajieHTHoro csaabiBanHH 
ajieMCHxoB HHna c noaepxHocxbio naMH npe^iJiaraioxcH cne^iyiomHe pearenxbi: 3- 
xpHMexoKCHCHjiHjinponHnMexaKpHJiax, 3-xpHMexoKCHCHjiHjinponHnMexaKpHJiaMHfl, 3- 

XpHMexOKCHCHJIHJinponHJI-aKpHJiaMHfl,3-r;iHUHflHJIOKCHnponHJIxpHMeXOKCHCHJiaH. 

TaKOH cneia-p MOflH(i)HUHpyiomHx ai chtob hosbojimiox nojiynaxb HHnbi, Koropbie 
MOMCHO Hcnonbsoaaxb a uiHpoKOM wanasone pH epcAbi (2-12) h xcMnepaxype (-IO°C- 
IOO°C). 

Pa3JiHTObie coHexaHHH KOMnoHenxoB KOM^03H^Ha nosBOJiHiox noiiynaxb 

MHKpOHHnbl, nopHCXOCXb 3JieMeHX0B KOXOpblX MOaceX BapbHpOBaXbCH B UIHPOKHX 

npeaejiax h no3BOJiHex HcnojibsoBaxb aaHHbie Hnnw jum MHorax npHjiojKCHHH, b 
HacxHocxH ann npoBe^eHHa PGR, an^ Hcc;ieflOBaHHH BsaHMOzieHcxBHK b CHcxeMax 
ojiHroHyKjieoxHfl-ojiHroHyKjieoxHii, ZlHK-ojiHroHyKjieoxHfl, 6ejiOK-6ejioK. 6ejiOK-flHK. 
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TexHOJiorHK HsroxoBJieHHH MHKpoHHnos c HcnojibsoBaHHCM Mexoaa 
4)0TOHHayuHpyeM0H noTOMepHsauHH na ochobc npezuiaracMbix KOMnosHiwH BKjiioMaer 
cjieflyromne KOMnoHCHTbi: 

• Cnoco6 noflroTOBKH KOMnosHUHH H noaJioHceK HsroTOBJieHHa MHKpoHHna. 

• Cnoco6 HaHeceHHfl aTOMCHTOB MHKpoHHna 

• Cnoco6 BbipaBHHBaHHH co^epacaHHa Boaw b ajicMCHTax MHKpoHHna 

• CnOCo6 HHHUHHpOBaHH^ nOJIHMepHSaUHH 

• Cn0C06 OTMblBKH nojiyHCHHoro MHKpOHHna 

• Cn0C06 XpaHCHHa KOMnOSHUHH. 

npH no;iroTOBKe KOMnosHUHH ^JW HsroxoBJieHHa nnna Bce KOMnoHCHTbi 
CMeuiHBaiOTca h npH TmarejibHOM nepeMeuiHBaHHH nojiyHaexca roMoreHHbifl pacxBop, 
KoxopbiH aerasHpyexcH B BaxyyMe (p=12 mm px cx) h pacKanbmaexca b 
MHKpoxHxpoBajibHbie njianmexbi, HcnojibsycMbie j^ajiee b KanecxBe HcxoHHHKa pacxBopoB 
npH HaHeccHHH na noflJiojKKy (nofljio)KKH) c noMombio aBxoMaxHHecKoro ycxpoHcxBa 
(po6oxa), CHa63KeHHoro oahhm hjih HecKojibKHMH MHKpoaHcneHcepaMH. 

Hhjkc cnoco6 npHroxoBjicHHa 6HOHHnoB onncbiBaexcH ana cjiynaa, Korm b 
KanecxBe noAJiosKCK Hcnojibayioxcfl cxanflapxHbie npenapaxHbie cxeiaia. noHflXHo, owqko, 
Hxo 3XO He orpaHHHHBaex c(})epy npHMeaeHHa npe^jiaraeMbix cnoco6oB HMMo6HjtH3auHH 
MaKpoMOJieKyji h npHroxoBjiCHHH SHOHHnoB. nocKOJibKy onncbiBaeMbie HH5Ke npHCMbi 
Moryx 6bixb jierKO a;ianxHpoBaHbi mn nojiJioKeK HHbix xhoob, nanpHMep, KBapucBbix, h3 

OKCHflHpOBaHHOrO KpeMHHH H T.R. 

noaroxoBKa cxeicjia mst HaneceHHa KOMno3HUHH juia nojiHMepHsauHH BKjiiOHaex 
cxaaHK) OHHCXKH cxcKJia Hocne/iOBaxejibHoft o6pa6oxKOH KOHuenxpHpoBaHHOH mejioHbio, 

KHC;iOXOH H CXa^HK) XHMHHeCKOii MOflH^jHKaqHH CXCKJia c noMombio pacxBopoB 3- 
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TpHMeTOKCHCHJiMjinponHJi-MeraKpHJiaxa, S-TpHMexoKCHCHJiHjinponHJiMeTaKpHJiaMHaa. 3- 

XpHMeTOKCH-CHJIHraponHJiaKpHJiaMHfla, 3-rjIHUHaHJIOKCHnpOnHJITpHMeTOKCHCHJiaHa B 

opraHHHecKHx pacxBopHxejwx. 

OopMHpoBaHHe cxpyKiypbi MaccHsa hhcck 6H0MHna ocymecxBjiaexca nyxcM 
HaHeceHHH na no^roxoBJieHHyio noj^JioHOcy peiyjiapnoro MaccHsa MHKpoKanejit. 

nOJTHMepHSaUHOHHOH K0Mn03HUHH. Upn 3XOM B oSmCM CJiynaC Ka5Kflafl MHKpOKanjIfl 

coflep>KHX MaKpoMOJicKyjiM CBoero XHna. B saBHCHMocxH ox BasKocxH h apymx cBottcxB 
nojiHMepHsauHOHHbix KOMnosHunft, a xaK>Ke ox JKCJiaxejibHoro pasMepa nneeK 6HOHHna 
ana HaHeceHiw Moryr HcnojitaoBaxtca po6oxbi c MHKpoflHcneHcepaMH pasHBix xmhob. B 
MacxHocxH, B cjiynae b>i3khx pacxBopoB c coflepacaHHCM rjiHuepHHa csbime 40% ana 3xhx 
nejieft MOMcex Sbixb HcnojifasoBan po6ox «417 Arrayer» npoHSBO^cTBa (pMpMbi AlTymelrix 
(CUIA), CHa65KeHHbiH MHKpoOTcncHcepaMH cxep)KHeBoro (Hrojibnaxoro) xnna. Hpn 3xom 
B saBHCHMocxH OX maMCTpa cxepMCHH ^iHcncHcepa bosmohcho nojiyneHHc Kanejib (h, 
cjiezioBaxejibHO, rejieBwx aneeK) pasHoro pasMepa. 

nocKOJibKy npH 4)opMHpoBaHHH MaccMBa KanjiH HaHocaxca nocjieaoBaxejibHo, 
pasjiHMHe B npofloji>KHxejibHocxH Hx KOHxaKxa c OKpyacaiomHM BoaayxoM npHBo^HX k 
xoMy, Mxo K MOMCHTy 3aBepujenHa iiaiieceiiMH icaiuiH paajiwHaiorcM no cocrauy 
BcjieacxBHe, BnepByio onepeflb, a6cop6nHH/;[iecop6uHH axMocctepnoil onaru. 3ro 
flBJicHHe npHBO/iHX K HCOflHopoflHOcxH (i)opMHpyeMoro MaccHBa no pasMepaM anecK. fljia 
peuiCHHa aaHHoft npo6jieMbi, nocjie HaneceHHa GHOHHnbi noMemaioxca b repMexHHHbift 
KOHXCHHep, coflep>KamHfi nojiHMepHsauHOHHyio KOMno3HUHK), aHajiorHHHyio no cocrasy 
TCM, HTo 6biJiH Hcno;ib30BaHbi npn HaHeceHHH, ho hc co^epacamyio 6HOJTorHHecKHx 
MaKpoMOJiCKyji. Oe-bCM 3xoii cmcch flojiacen npcBocxo^xb coBOKynHbiH oGbCM 
HaHeccHHbix MHKpoKanejib no KpaHHett Mepe a ma paaa. BpcMa HHKy6auHH 6HOHnnoB b 
KOHxeftHepe KaK npasHJio cocxaBJiaex ne Menee aByx nacoB. 
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SaxeM MHKpOHHni.1 npoxo;iaT cra^iHio HactimeHHa ocyuieHHWM HHepxHbiM rasoM 
(asoT, aproH, yrjieKHCjiwfi raa h r.a.). 

HHHqHHpoBaHHe npouecca nojiMMepnaauHH ocymecTBJiflerca yjibTpa(|)HoneTOBbiM 
caeroM c A,>3 12 hm b aTM0c4)epe HHepxHoro rasa. 

nonyneKHbie MHKpoHHnbi OTMbiBaroTca b ziHCTHJiJiHpoBaHHOH BOfle npn 60°C b 
TeneHMH 5 nacoB BticyiuHBaiOTCH Ha Bosayxe (T=25°C). 

npHroTOBJieHHbie cmcch ana nojiHMepH3auHH xpaHHxca npn T=-21°C He Menee 1 
roaa. ^ 

nonuMepasHOH tfenHcm peaKifim (UIJP) ua nune 
Oothm h3 BaacHeHuiHx npHMeHCHHii onHCbisaeMOH xexHOJioraH (HMMo6H;iH3auHH 
ojiHroHyKjieoTHaoB B rejie MexoflOM KonojiHMepnsamiH) aajwerca npoH3BOflcxBo 
ojiHroHyKneoxH^IHbix 6HOHHnoB. nojiyneHHwe HHObi 6bmH HcnojibsosaHbi KaK b 
rH5pHaH3auHOHHbix 3KcnepHMeHxax, xaK h ajta npoBefleHHH 6ojiee cjtokhhx npoue/iyp, 
xaKHX, HanpHMep, KaK nojiHMepa3Ha>i uennaa peaKUHJi (niiP) na HHne. HH>Ke npHBeacHbi 
fleMOHcxpauHOHHbie npHMepbi npHMeHenHa nqp na HHne (Kax b cjiynae, Kor/ia nUP- 
pacxBop noKpbiBaex reneewe SHeftKH HHna, xan h b cjiynae, Koma nqP npoHcxo^Hx 
xonbKO BHyxpH rejieBbix aneeK, H3onHpoBaHHbix ;ipyr ox apyra h OKpy>KeHHbix 

MHHepaJIbHbIM MaCJIOM). 

nUP Ha HHne xaKHce HcnojibsOBajiacb cyMMapnoft xapaKxepncxHKH 

conojiHMepHsauHOHHbix rejieBbix ajieMCHxoB nnna pasHoro cocxasa h ^jia Bbi6opa 
onxHMajibHoro cnocoGa hx npnroxoBireHHfl. Bwcxpoxa ZIHK (i)parMeHxoB 

pasMepoM 140 HyxjieoxH^xoB (nopncxocxb rejia), cxa6HjibHocxb aneen b mnpoKOM 
ziHanasoHe 6bicxpo Menaromnxca xeMnepaxyp, aocxynnocxb h 34)(l)eKXHBHOcxb ynacxna 
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HMMo6HJiH3aqHOHHoro onHroHyKjieoTHaa b raepH^maauHH h ajijie;iecneuH4)HHH0H 
nojiHMepasHoft peaKUHH ero yaJiHHeHHa cyrb ocHOBHbie 4)aKTopbi BJiHaioiuHe na 
peayjibxaT imP-aHajiHsa Ha HHne. 

B npHMepe 8 npHBezieHa MexoziHKa npoBeneHHH Ill^P Ha HHne. 

Ha pHc. 5, 6 npHBe;ieHH peayjitraTH nUP-aHauHsa na lane. 

Aajiee cymHOCTb H3o6peTeHHa pacKptreaercfl na OTflejifcHbix npHMepax, Koxopbie 
He flojiJKHbi paccMaxpHBaibCH SKcneproM KaK orpaHHHHBaiomHe npHxaaaHHfl 

H306peTeHHH. 

IIpHMepbi 

npHMep 1. Chhtcs 2-(N-MeTaKpHjiaMHH03THJi)-N,N'-aHH3onponHji-2- 

UHaHO3THJI^Oc4)0paMHAHTa. 

4-HHTpo(|)eHHjiMeTaKpHJiaT. K pacrsopy MexaKpHjioBoft khcjiotw (1.015 r, 1 1.79 
MMOJib) H 4-HHpo*eHOjia (1.804 r. 12.98 MMOJib) b EtoAc (14 mji) npn 0°C floGaBjiaioT 
pacTBop l,3-flHimKJioreKCHjiKap6oOTHMH;ia (2.68 r, 12.98 MMOJib) b EtoAc (7 mji) h 
nojiyMCHHyro CMCCb nepeivieiuHBaioT npH KOMHaiHofl reMneparype b TeneiiHe 15 mucob. 
CycncHSHK) 4)HnbTpyioT Hepe3 creiowHHbiH 4>HjibTp. OnjibTpax ynapHBaiox noa 
BaKyyMOM ao od-beua 10 mji h oxmommoT ao .50°C. BbinaBuiHH ocaaoK 6bicTpo 
4)HjibxpyK)x Hepe3 cxeKJiaHHbiH 4)Hjibxp h BHcyuiHaaiox non BaxyyMOM. 

(Bbixo;i= 2.12r, 87%), Rf=0.86 (MexoH:nexpojie«Hbifl s^np =3:2); Tn;,. 94-95°C; 

•H HMP (DMSO-d6) 5 2.10(s, 3H. CH3), 5.95(s. IH, CH2=). 6.33(s. IH, CH2=), 
7.50(apparent d, J=9.0Hz. 2H, C6H4), 8.31(apparent d, J=9.15Hz, 2H, C6H4). 
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"CHMP(DMSO.d6)5 18.85(CH3), 124.16. 126.20. 145.98, 156.43(C6H4),129.67, 
135.72 (CH2=C), 165.51(-COO-). 

PaccHHxaHO ajih C10H9NO4: C,57.97%; H, 4.35%; 
HafiaeHo: C, 57.99%; H, 4.50%. 

N-(2-rnflpoKcii3THJi)MeTaKpHJiaMHfl. K pacTBopy 4-HHTpo(|)eHHnMeTaKpHjiaTa 
(5.00 r, 24.15 mmohi.) b CH3CN (40 mji) npH 0°C ao6aBjiHK>T pacTBop araHOJiaMHHa (2.94 
r, 48.30 MMOJit) B CH3CN (40 mji) H.CMecb nepeMeniHBaiOT npn KOMHaxHOH 

xeMneparype b xeneHHe 15 nacos. CycneH3nio 4)HJibTpyK)T nepea CTeKjianHbiH ^.HJibip. 
OHjibxpax ynapHBaiox noji saKyyMOM. OcaflOK OHHmaiox c noMomtro KOJiOHOHHoft ^nem- 
xpoMaxorpa(|)HH na CHJiHKarene (auexoHrnexpojiefiHHfi 34)Hp=3:2). (Bsixozt=2.804 r, 
90%); 

RP=0.41 (auexoH:nexpojieHHSiH 34)Hp=3:2); cBcrjio-jKejixoe wacjio; 
'H UMP (DMSO-d6) 5 1.85(s, 3H, CH3), 3.17(apparent q, J= 5.92Hz 2H, NH- 
CH2), 3.42(apparent q, J=5.91Hz, 2H, -CH2-O-), 4.55(t, J=5.29Hz IH, OH), 5.26(apparent 
s, IH, -CH=); 5.65(apparent s, IH, -CH=); 7.75(br s, IH, -NH-). 

'"C HMP (DMSO-dfi) 8 19.61(CH3). 42.74(-N-CH2-), 60.75(-CH2-O-). 119.67, 
140.85 (CH2=C-), 168.34(-COO-). 

PaccHHxaHo msi C6Hi,N02: C. 55.81%; H, 8.53%; 
Haft^tcHo: C,55.87%; H. 8.64%. ' 



2-(N-MeTaKpHjiaMHH03THji)-N,N'-flHH3onponHJi-2-uHaH03THjnI)oc<jiopaiviHaHT. 

K pacxBopy N-(2-rHApoKCH3XHJi)MexaKpHJiaMHZia (0.1 mmojil) b aqexoHHxpHjie (0.25 mji) 
H 2-uHaH03XHJi-N,N'-xexpaH3onponHJi4)oc(i)opaMHziHxa (0.095 mmojib) flo6aBjiaiox 
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pacTBop rerpaao^a (0.095 mmo;ib) b ayexoHHTpHiie (0.25 m;i). Cmcc. nepeMeuiHBaiOT npH 
KOMHaTHOH TeMHepaiype 30 mhh. BBinaBuiHii oca^oK 4)HJ«.ipyioT h ^Hnsxpax 5e3 

OHHCTKH HCnOJILSyiOT B TBep;iO(i)a3HOM CHHTese OJIHrOHyKJieOTH^OB. 

npHMep 2. CHHTe3 MeraKpHJiaMHA CPG-HocirrejiH. 

K pacTBopy N-(2-rHapoKCH3THji)-N-(2-(OT(4-MeTOKCH4)eHHn)-4,eHHJi)-MeTH;i- 
0KCH)-3THj:)MeTaKpH;iaMH^a. (0.143 r, 0.3 mmo;ib) b cyxoM nnpumnc (3 Mn) ^o6aB;,«K)T 
«HTapHBiH anpH^pHii (0.060 r, 0.3 mmo;,b) h 4-(N.N-;mMeTH;iaMHHo)nHpH;^HH (0.037 r. 
0.3 MMOJiB). CMecB. ocTaBjiHKjT Ha 12 HacoB npH KOMHaTHOH TeMnepaiype. K pacTBopy 
nodaBUHK^T HacHmeHHBiH pacTBop NaHCOa (2 m^). PacTBopHTC;«. BBmapHBaK>T uoa 
BaKyyMOM. Oc^ok pacTBop^ioT EtoAc (5 un) h opranHHecKHfi c;iofl nocne;toBaTe;iEHO 
npoMMBaioT HacBimcHHbiM pacTBopoM NaHCOa , necKojiBKo pas H2O. cymaT na^ 
6e3Bo;iHBiM Na2S04 h 4,HJ«.ipyior. PacTBopnTeni. BwnapHBaK>T jio nonyneHHH 
eecuBCTHoro cnpona. Octbtok pacTBop«OT b cyxoM nnpH^HHe (30 m;i). K pacTBopy 
;io6aB;i«iOT 2,2'-OTTHOflHnHpHaHH (0.060 r, 0.3 MMo;ib), TpH4)eHHji4)oc4)HH (0.079 r, 0.3 
MMo;iB) H LCA CFG (1 .00 r). CycnenaHio ynapHBaiOT noa BaKyyMOM jxo o6i.eMa 1 5 m;i h 
coxpan^ioT 24 naca npH KOMHaTHofi xcMnepaType npH pe^woM BCTpaxHBaHHH. 
CycneH3Hio ^HJibTpyioT nepes CTeK^iHHHwii 4,h;.btp h oca^tOK noci.e;iOBaTe/,u.o 
npoMMBaioT HecKOJiBKo pas cyxHM nnpHOTHOM. K npoMsiTOMy oca^Ky Modasn^ioT 
"KHnHpyioiuHH" pacTBop (yKcycHBift aHrHapH;i/DMAP/2.6-jiyTHflHH/aueTOHHTpH;i) (10 
Mn) H ocTaBji«K)T Ha 5 MHH. Oca^OK nociiefloBaTe^iBHO npoMBiBaioT HecKOJiBKo pas cyxHM 
nnpHAHHOM, a^eT0H0M h 3thjiobbim 34)HpoM. nojiynaiOT MOOT^HUHpoBanHBift CPG c 
KOH«eH7pa«Heii HCHacBimeHHBix rpynn (33.7 MKMo;TB/r)(TecT na tphth;ibhbih KaxHOH). 



IIpHMep 3, 06uiafl npoue;iypa aaHjinpoaaKHH 



npH cHHTese 
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ojiuroHyKJieoTHAOB c HenacbiuteHUbiMH rpynnaMH. 

B KanecTBe npHMepa npHBeflena MeroaHKa auHJinpoBaHHa ojiHroHyKjieoxHj^oB c 
Konnesoa ajiH4)aTHHecKOH aMHHo-rpynnoii HHTpo4)eHH;ioBBiM 3^MpoM MeraKpHjioBOH 

KHCJIOTW. 

K pacTBopy MOflH4)HUHpoBaHHoro ojraroHyKjieoTHfla. coflep>Kamero 
HesamHmeHHyK) aMHHorpynny Ha 5'(HnH 3')-we (32.1 hmojtb) b 6opaTHOM 6y4)epe pH 
9.53 (50 MKJi.) aoGasjiHioT pacxaop ^-HHTpo4)eHHJiMeTaKpHJiaTa (3.2 mkmojii.) b DMFA 
(IIOmkji.). 

roMoreHHMfi pacTBop coxpaHaioT npn 40°C a TeneHHe hohh. HyKJieoxH^tBi 
pasaenHKXT re;iB<})H;iBTpayHeH na Sephadex G25 h OHHmaioT c noMomtio o6paTHo-4)a3HOH 
HPLC. (Bbixoj^= >72%). 

npHMep 4. O-AuHJiHpoBaHHe ^parweHTOB flHK anrHflpHiiaMH 
HenpeAejibHux KHCJioT. '■ 

OparMeHT JifiK (10 nMOJis) pacTBop«OT b H2O (50 mk;i), ox;ia>KaaK>T m 5°C h 
npHjiHBaioT pacTBop anmapnm MeraKpHJioBoft khcjioth (15mkji) b DMFA (100 mkji, a 
aareM He6o;ibmHMH nopuHSMH floGao/iHKJT pacxBop rnj^poKCH/ia HarpHa. noaaep>KHBaa 
pH 7. nocjie 15 MHHyr k peaKUHOHHoft cmcch Ao6aBjiaiOT H2O (500 mkji) h 
nocjieaoBaTejibHbiM w6aBJieHHeM HecKo;ibKHX nopuHH 6e3Bo;iHoro eyraHOJia o6beM 
peaKUHOHHoii cpe^ibi noBomr a.o 50 mkji. MoOT4)HUHpoBaHHbiH 4)pameHT J^HK 
Bbica^KHBaioT pacTBopoM nepxjiopaxa jihthh b auexoHe (2%, V=1000 mkji) npH T=-21°C. 
UeHxpH(|)yrHpyiox h oxMbisarox aqexoHOM. 



npHMep 5. AMHHHpoaaHHe ;mK c nocjieayiomHM auHjinpoaaHHeM 
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aKTHBHpOBaHHWM 3<|)HpOM Henpe;»ejH.HOH KHCJIOTbl. 

K pacTBopy OiiHronyKjieoTima hjih ^parMeHxa flHK (39.3 hmo;«.) b H2O (15 mk;i) 
npH^HBaror MypaBSHnyio KHCiiOTy (80%, 20 mk;,) h BBwp>KHBaK>T np„ KOMHarnofi 
TeMnepaiype 1 nac. SaxeM onHroHyKJieoTH^tHBiH Maxepna^ BMcancHBaK^x pacxBopoM 
nepxjiopaxa jihxh^ b aqexoHe (2%, V=1000 mkji), oxMsiBaiOT ayexoHOM h BBicyuiHBaiox. K 
.onyp„HH30B^HHoa flHK npH^HBaiox pacxBop 0.5M rHi^poxnopn^^a sxHjien^^HaMHHa (50 
MKJi, pH 7.4) H BBwep^KHBaiox npH T=37»C 3Haca. 3axeM Mo6aBjisiK>T 
cBe>KenpHroxoBJieHHbiH pacxBop 6oprH;ipHAa HaxpHH b Bo^^e (15 mkji, 0.1 M) h nepea 30 
MHH pacxBop 20% rHflpox;iopHfla sxHjieHOTaMHHa (14.75 mk;i). 0;iHroHyKneoxH;iHBm 
MaxepHaji BBica^KHsaioT pacxBopoM nepxjiopaxa ™thh b a«exoHe (2%. V=1000 mkji), 
oxMBiBaiox auexoHOM h BBicymHBaiox. Oca^OK pacxBopaK>x b 6opaxHOM 6y4,epe (50 mkji, 
pH 9.3) H npHJiHBawx pacxcop HHxpo^eHHjioBoro 34,Hpa MexaKpHjioBofi khc;iotbi (0.001 
r) B DMFA (100 mkji). PacxBop BBwep^KHBaiox 12 nacoB npn T=35«'C. 
MoOT4)HUHpoBaHHBiH ^pamcHX ^^HK OHHmaiox rejiB-4)H;iBxpauHeH. 

npHMep 6. MoaH(}>HKauHn Scjikob no aiMHHo-rpynne. 

B KaMecxBe npHMepa npHBe^ena Mexo^OHKa MoaH(l)HKauHH 6ejiKa Barnase. 
K 100 MKJI pacxBopa Barnase (C=lMr/Mj.) b O.OI M GopaxHOM 5y(l,epe (pH 8,3) 
Jloe^BJiHjm 20 MKJI pacxBopa cyKUHH-HMMHziHoro 34,Hpa 6-MexaKpHJiaMHHoreKcaHOBoft 
KHcjioxBi (C=0.lMr/Mji) B ™exHji(i,opaMH«e. PeaKCHOHHyio cmccb nepeMeuiHBajiH 30 
MHH npH KOMHaxHOH xeMnepaxype. SaxeM npoBOiiHJiH oHHcxKy nojiyneHHoro 
MO^Hcl,HUHpoBaHHoro eejiKa ox HH3KOMOj.eKyjT«pHB,x npo;iyKxoB peaK«HH h 
AHMexHji4,opaMHiia Ha MHKpoKOHueHxpaxopax Nanosep 3K Omega, npoMBiBaa Gcjiok 
eopaxHBiM 6y4)epoM pH 8,3. KoHenHaii KOH«eHpa«HH OHHmeHHoro 6ejiKa b o6i>eMe 100 
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mk;i 6y4,epHoro pacxBopa cocxaB^in^a 0,9 ur/un (onpe^eneHHan 

CneKTpO^OTOMexpHHeCKH). nOJiyHeHHBlft MOflH4)HUHpOBaHHBlfi 6e^OK no a^Hsm 

MALDI-MS co^iep>Kaji o;iHy Bae^ieHHyio 6-MeTaKpHii-aMHHoreKcaHOByK) rpynny. 

HsMeHCHHe cooxHomeHHH 6ejioK-MOOT4)HqHpyiomHH areHx no3Bo;iHeT nojiynaTs 

6eJIOK C paSJIHHHOH CrenCHH M0j[(H4>HKaUHH. 

npHMep 7. AjiKHJiHposaHHe Scjikob no SH rpynnaivi. 

B KanecTBe npHMepa npHBe^eHa MexoflHKa ajiKH^posaHH^ acnapxax 
aMHHOxpaHc4)epa3Bi h3 imxo3o;i« neneHH Kyp 2-aKpH;ioKC03THJiMexaKpH;iaxoM. 

K pacxBopy acnapxax aMHHoipaHc^epasbi (9 mkji, 3.33 Mr/Mji)B 6y4)epe (25 mIVI- 
HEPES, pH 8.0. 30 mM KCl, 2 mM MgCl^), o>oia^eHHOMy S^C npH;iHBaK>x pacxBop 
2-aKpHnoKco-3THnMexaKpH^axa (0.012 r, 65.2 mkmo^ib) b ;tHMexH;i4>opMaMHae (3miot). 
roMoreHHB.ft pacxBop BBmepmiBaK>x 1 nac, a 3axeM Mo;^H*HUHpoBaHHB,fi 6enoK 
OHHmaiox Ha MeM6paHHBix ,^H;TBxpax. 34)4,eKXHBHocxB MO^H4)HKa«HH 6e™a 

KOHXpoJIHpOBaJiaCB 3JieKXpo4)OpeXHqeCKHM MeXOflOM. 

Mo;iH4)H«HpoBaHHBiH 6enoK Hcno;,B3yioT HsroxoBnenHH npoxeHHOBBix 

MHKpOHHnOB. 



Chhtcs 2-aKpHJioKco3XHjiMeTaKpHjiaTa 

K pacxBopy 2-rH;ipoKCH3XH;iMexaKpHjiaxa (1.070 r.. 8.22 mmojib) h xpH3XHnaMHHa 
(0.832 r, 8.22 mmohb) b xexparH;ipo4)ypaHe (25 m;i) w6aB;iHiox npn khxchchbhom 
nepeMeiiiHBaHHH xjiopaHni^ipHfl ekphjioboh khcjioxbi (0.744 r., 8.22 mmojib). 
nepeMeuiHBaiox npH KOMHaxHoft xeMnepaxype 1 nac, BBinaBuiMH ocaziOK 
ox4)H;iBxpoBB,BaioT. a ^HnBxpax ynapHBaK>x. K nojiyneHHOMy Mac;iy npH;iHBaK)x Bo^y (30 

Mi,) H HHXenCHBHO BCXpHXHBaK>X. OXAeilHB BOilHBlfi CHOfi, npH.IHBaK>X 3XH;iauexaX (15 Mil) 
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34)HpHosiH c;ioH BBicyuiHBaioT Ha^ cynB4,aT0M HaxpHH H ynapHBaiOT Ha poxopHOM 
HcnapHTCJie (p= 1 8 mm pr ex). Bbixo;i 8 1 Macjio. 

•h HMP (DMSO-d6) 5 1.87(s, 3H, CH3), 3.34(m. 2H. O-CH.). 3.37(m. 2H, -CH2- 
0-). 5.68(apparent s. IH, CH2=); 6.02 (apparent s, IH, CH2=); 5.96(dd J,=10.26Hz, 
J2=1.87Hz, IH, CH2.=);6.33(dd J,= 17.13Hz, 1.55Hz, IH, CH2.=); 6.19(dd J,= 
17.13Hz, J2 =1 0.28Hz, IH, =CH-); 

PaccHHxaHO for C9H,204: C, 58.70%; H, 6.52%; 

Haft^rieHo: C,58.63%; H, 6.64%. 

npHwep 8. nojiHwepasHaH uenHaa peaKUHH (ni](P) na HHne. 
THnHHHsift in situ nqP-sKcnepHMeHx npoBo^H^icH Ha HHne b cneuHajiBHofi 
MHKpoKaMepe KaK 6buio onHcano panee (Strizhkov et al., 2000). Ha HHne Mexo^oM 

KOno;iHMepH3a«HH 6i^H HMM06HJIH30BaHBI B paSHBIX HHegKax 0;iHrOHyK;ieOTH^B,, 

no^ocTBK) cooxBexcTByromne nociiei^oBaxcjiBHocxH ^Koro xnna, h^h 
onHPOHyKJieoxHASi, co^^ep^Kamne na 3' KOH«e HyKjieoxH^Hyio saMeay. CxaH^apxHufi HH? 
pacTBop (67 MM Tris-HCI, pH 8.6; 2.5 mM MgCb; 16.6 mM (NH4)2S04; 0.001% Triton 
X-100; 1 Mp/MJi BSA; 0.24 mM each of dATP, dCTP, dGIP, h dTTP; 2.5 U Taq flHK- 
nojiHMepaBsi na 30 mkji) co^ep^aji TaK>Ke okojio 10^ KonHii renoMHoii ^HK 
Mycobacterium tuberculosis, a TaK>Ke np^MOH F (oko;io 1 nMo;iB) h MeneHBia xexaccKHM 
KpacHWM no 5' KOH«y o6paTHbia R (okojio 10 nMOiis) npaftMepH. O61.1HH0 HcnonBsoBajiH 
35 HUP-uhk^b: 40 ceK. - 95°G, 60 cck. - 64°C, 40 ceK. - 72°C. Hoc^ie OKOHHaHH« UUP 
MHH npoMBiBa^iH pacTBopoM 0.1-0.3 M xiiopH^ia HaxpHH npH 80°C, b peaynsxaxe nero 
TonBKO iiyn/ieKCLi c y/uiHHeHHBiM b peayjiBxaxe peaKUHH npafiMepoM coxpana^iHCB na 
HHne H Mor™ 6bixb ;^exeKTHpoBaHBi noR 4,;iyopecueHXHBiM mhkpockohom. HpHMep 
pesyjiBxaxa o/iHoro h3 xaKHx SKcnepHMenxoB noKasan na pHc.5. 
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niJP enympu zeneebvc 3n^eHmoe nod MunepajibUbiM 



MacnoM 



CneqHajiBHBiH aKcnepHMenx 6Bm npoBe;^gH ;ieMOHCTpa«HH bosmo^khocth 
npoBeOT>i Bceft no;iHMepa3HOH uenHOfl peaKUHH BHyrpn HH^iHBH^ya^iBHoro rejiesoro 
ajieMCHxa, nonyneHHoro mctoziom KonojiHMepnaauHH. Bbm npHMengH BapnaHT nqp aa 
HHne no;i MacjiOM (Tillib et al., 2001). OparMeHTHpoaaHHaa (200-300 nyKn.) 
^leHaxypHpoBaHHaH rcHOMHan mVi Mycobacterium tuberculosis hcxo^o 
Hcno;H.30BajiacB jxn^ rH6pTOam,H c cooTBexcxByiomHMH onnroHyKjieoxH/iaMH na nnne 
(HHn Tox )Ke, Hxo HcnojiB30BajiCH B npe/iEwymeM 3KcnepHMeHxe). SaxeM, nocjie oxmhbkh 
HecrH6pH;iH30BaBmeHCH RUK hhu HHKy6HpoBa;iH co cxaH;iapxHt«« ^^P pacxBopoM (cm. 
BBime) B xeneHHe 30 Mnnyx npH SS^C. Bo^^hbih pacxBop saMe^a^H MHHepa^iBHBiM 
MacjioM H npoBo^iHJiH ^^P (30 UHKjioB): 40 ceK. - 72°C, 40 cck. - PS^C, 60 cck. - 64°C. 
Bc;ie^t 3a aaBepmaiomett cxa^Hett 3JioHra«HH (10 mhh. - 72''C) hhu xmaxeiiBHO oxmbiiu-uih, 
CHanajia x;iopo4.opMOM h 3axeM pacxBopoM 0.1-0.3 M xrfopH^^a HaxpH« npn 80<>C, h 3axeM 
aHa;iH3HpoBaj,H no^ 4)^yopecueHXHBiM mhkpockohom. Ha pHcyHKe 2 noKa3aH pe3y;iBxaT 
xaKoro 3KcnepHMeHTa. Mokho bhactu, uto anncnccucnm\>HHccKUii nm> pcaKUH>. ,i^Bt „ 
B 3X0M ciiynae ztocxaxoHHo 3(l,(l,eKXHBH0 b HneftKax c no;,HocxB,o KOM.u.eMe..Tap..B.M 
HcnonB3yeM0H ^HK npaftMepoM (^^hkofo XHna, wt. cm. ^hchkh c C4 npafiMepoM). 
SaMexHo cna6ee 3xa peaKUHH npom;ia b HneHxax c npaflMepoM, co^iep>KamHM 
OiiHOHyKJieoxiWHyic saMcny na 3' Kome (mut, C5 npafiMep) (Phc. 6). 



34 

«>OPMyjIA H30BPETEHIW 



( 1.) Cnoco6 npHroTOBJieHHH komhoshuhh msi HUMoGnnmam^ 6Ho^orHHecKHx 
MaKpoMo;ieKy;i: o;iHroHyK;ieoTH^oB, npoxeHHOB. /IHK(PHK) wiu ;ik>6bix zipyrHx 
Mo;ieKy;i, necymnx HeHacBimeHHBie rpynnBi, OT^HHaiomHHc;i xeM, hxo npe^naracMBie 
KOMno3HUHH HMcioT cjieziyiomHH cocxaB: 

A''+b''+C*+D*'+E*=K 

rae A- aKpH;:aMH;i, MexaKpH^iaMH;^, N-{xpHc(rHflpoKCHMeTHJi)MexH;i}- 
aKpH^aMH;,. H^m ;iK)6ofl ;ipyrofi MOHOMep Ha ochobc npoH3BO«HBnc aKpH^ioBofi h 
MexaxpH^iOBoft khc^ox; B-N.N'-MexH.eH6HcaKpH.aMH^, N.N'-1,2 ;iHrH;,poKCH- 
3XH;i6HcaKpH;iaMH;i. no™3XH;ieHrnHKo;iB-«HaKpH;iax. hx cmccb h;ih ^pyroft 
BO/iopacTBopHMbiH ciuHBaiomHH arcHx; 

C- Mo;,H4)H«HpoBaHHBiH ojiHroHyioieoxH;^, Mo;^H4)HUHpoBaHHaa HyKireHHOBan 
KHCJioxa, npoxcHH HjiH /ipyra^i MOJieKyjia, Hecymaa HenacBimeHHyio rpynny; 

D- r^uepHH, nonHBHHHnoBBiH cnHpx, caxaposa, WM^v^m^opaMm, 
mMCTHJioyni.^OKma hjih Woe.Bo;,opacTBopHMoe BBicoKOKHn^mee coe^HHeHHe; 

E- Bojxa; 

K- K0Mn03HUHH. 

a,b,c,d,e-npo«eHTHoe coiiep>KaHHe (X) Ka>imoro KOMnoHCHxa b hcxo;,hom cocxaBe 
KOMnosHUHH (X=m/vxlOOo/o.ji;:« xBep;,Bix Bemec™, h™ X=v/vx100o/o j^n tohx 
BemecxB). 

3%<a+b^40%; 0.0001%<c<10%; 0%^d^90%; 5%<e^95%, 
H no3BOJi>iK>x ^ocxHraxB BBicoKyio cxeneHB HMMo6H;iH3a«HH 6Ho;iorHHecKHx 
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MaKpoMOJiCKyji MCTo^iOM conoTOMcpHsauHH B maporenax. 

2. Cnoco6 no n.l, rm MOHOMepti (A, B) npe^tcraBjiHiox co6oh anpyijiaMm, 
MexaKpHnaMHA, N-{TpHc(rH^poKCHMeTH;i)-MeTHJi}aKpHJiaMH;i, N,N'-MeTH;ieH6HcaKpH;i- 
aMim, N,N'-l,2-aHrHapoKCH3TH;i6HcaKpHjiaMH;i, noOT3THJieHr;iHKo;ib-OTaKpHjiaMHfl 
iipyroe BOflopacxBopHMoe nenpeaejiBHoe coe^HHeHHe. 

3. Cnoco6 no n.l, rae (C) - MOOT4)HUHpoBaHHi,ie ojiHroHyKJieoTHflM, 6ejiKH, 
HyioieHHOBbie khcjiotli, hjih ^ipyraa MOJiexyjia, necymaa nenpeziejibHyio rpynny. 

4. Cnoco6non.l,r;ie(D)-rjiHuepHH, nojiHBHHHjioBbiH cnnpr, caxaposa hjih 
xipyroe BOflopacTBopHMoe BwcoKOKHnamee coeOTHCHHe. : 

5. Cnoco5 no n.2, r^e o6mee co/iep>KaHHe MonoMepa n cmnBaiomero arenxa b 
HcxoflHOM cocTase KOMnosHnHH jieacHT b HHTepBajie 3-40% (3<T<40), a cooxHomeHHe 
MOHOMepa H cmHBaiomero arenxa naxoOTxca b npe^ejiax 97:3-60:40% (3<C<40). 

6. Cnoco6 no n.3, rae 0.000 1 %<c<l 0% . " 

7. CnocoS no n.4, rae 0%<d<90%. 

8. Cnoco6 no n. 1 , rae 5%<e^95%. 

9. Cnocoe no n.l, r^e nojiHMepHBift ra/iporejib nojiynaiox cononHMepHsauHefi 
CMecefi H3 coHexaHHH aKpHJiaMHfla, MexaKpHJiaMH^a, N-{xpHc(rHflpoKCHMexHJi)- 
MexHJilaKpHjiaMHfl, N,N'-MexH;ieH5HcaKpHJiaMHAa, N,N'-l,2-flHrH/ipoKCH3THJi- 
6HcaKpHJiaMH;ia, nojiH3XHJieHrjiHKo;iBOTaKpHaMH;ia mh ;ipyrHx BoaopacxBopHMMx 
Henpe^iejibHbix coeaHHCHnft. 

10. Cnoco6 no n.l, r;ie pasjiHHHbie conexaHHa KOMnoaenxoB KOMnosHmw 
no3Bo;ifliox nojiynaxb rH^porejiH, c sa^iaHHofi Be;iHHHHOH nop h noBbimeHHon 

XepMHHeCKOft yCXOftHHBOCXbK). 

11. Cnoco5 no n.3, rm MOOT^HunpoBaHHwe OJiHroHyKJieoxHflbi hmciox 
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cjieaymmee cxpoeHHe: 



R2 Y— 



rjie: 

.1 d2 r,3 



R , R , R - H, ajiKHji Ci-Ce. Ph, PhCH2- ; 
Z - (CH2)„CH(CH20H)CH20X. r;ie n= 1-6; hjih (CH2)„-0X, w n= 2-6; 
X - Ooc4)oaH34)HpHaji rpynna, CBaawBaiomaa Henpe^ejibHWH ^pameHx c 5'- 

h/hjth 3'-kohuom ojraroHyKJieoTHfla. 
R" - H, (CH2)„OH, rm n= 2-6; 
Y - (p-C6H4)„, rfle n= 0-2; 

12. Cnoco6 no n.ll, r;ie MOiiH(|)HKauHio ojTHronyKjieoTH/iOB iicnpe;iejibiibiMn 
rpynnaMH ocymecTBjiflioT b aBTOMaxHMecKOM peacHMe. 

13. CnocoS no n.l2, me MOOT(|)HKauHK) ojiHronyKjieoTH/ioB HenpeaejibHtiMH 
rpynnaMH ocymecTBJifliOT c noMombio 4)oc(l)oaMH;iHTa o6meH ^opMyjibi (II). 



OCNEt 

R R3 i 

R2 c— >r 



II 



R', R^ - H, ajiKHJi C-Cfi, Ph, PhCHj-, r^e n=2-6 ; 

R^- ajiKH.Ji Ci-Ce; 
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- H, (CH2)„-0;^MT, rjie n= 2-6; 



Y- (p-C6H4)„r;^en=0-2; 

14. Cnoco6 no n. 11, w MOflH(i)HKauHio ojinroHyKjieoTHWB HenpeaejitHbiMH 
rpynnaMH ocymecTBjiaioT b nocTasTOMaTHHecKOM peMCHMe. ^ 

15. Cnoco6 no n. 14, r;ie M0OT4)HKauHio ojiHronyKJieoTH^OB Henpeae;ibHbiMH 
rpynnaMH ocymecTBJiaioT nyrcM auHnnpoBaHHa ojiHroHyKjieoTHjia, co;iep>Kauxero 

aMHHOJIHHK, aKTHBHpOaaHHWM 3<|)HpOM HCnpefleJISHOH KHCJIOTH. 

16. Cnoco6 no n. 15, rae aKTHBHpoBaHHwfl 3^iip Henpe^eji&Hofi khcjioth 

npeaCTaBJMex C06ofl HHTpO^eHHJlOBHfi 34»Hp. 

17. Cnoco6 no n. 12 H 14, rae MOOT4»HKauHio ojinroHyKjieoTnaoB HenpeaeatHMMH 
rpynnaMH ocymecTB.JiflioT no 5'-K0Huy ojiHronyKjieoTHiia. 

18. Cnoco6 no n. 12 H 14, r;ie MOOT^HKauHio ojiHronyKneoTH^ioB nenpeaejibKbiMH 
rpynnaMH ocymecTBJiHioT no 3'-KOHay OJiHronyKJieoTHfla. 

19. Cnoco6 no n.3, r^e MOOT4)HUHpoBaHHi,ie 4)parMeHTi,i JJ}iK sbieHpaioT h3 
(i)opMyji IV, V, VI. 



R2 Y— C— is^ 

IV 

rae: 

R', R^ R^ - H, ajiKHji C-Cfi, Ph, PhCHj- ; 

Z - (CH2)„CH(CH20H)CH20X, rae n= 1-6; hjih (CH2)„-0X, me n= 2-6; 
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X- <I>oc4)o;xH3$HpHafl rpynna, cBH3biBaiomaa Henpe>nejifcHbiH 4>parMeHT c 5'- 
h/hjih 3'-KOHtiOM ojiHroHyKJieoTHfla. 

- H, (CH2)„OH, rac n= 2-6; 
Y - (p-CiHOn, ras n= 0-2; 



HJIH 



5'-XO-DNA-3'-OZ 

V 



O ! O - 

X =P03H2. H; ^ Z= PO3H2, H; >==< 



R3 Rj ^3 R 



R', R^ R^ - H, ajiKHji C1-C6, Ph, PhCH2- ; 
Y - (p-C6H4)n, rae n= 0-2; 



HJTH 




rjie: 

R^ R^ -H, ajiKHJi C1-C6, Ph, PhCHj- ; 
Y - (p-C6H4)n, rae n= 0-2; 

20. Cnoco6 no n.l9, rae MOOT^HUHpoBaHHbie ^parMCHTbi ^HK c ^opMyjiofi (IV) 
nojij^aioT c HcnojibSOBaHHCM b PCR aMnjiH4)HKaaHH CHHxeTHHecKoro npaHMepa, 
Hecymero Ha 5 '-(3')- KOHue TepMHHajibHyio HenacbimeHHyio rpynny. 

21. Cnoco6 no n.l9, rjxc MOOT4>HUHpoBaHHbie (|)parMeHTbi flHK c (j}opMyjroH (V) 
nojiynaioT npHMbiM aunnHpoBaHHe 4>parMeHTOB RUK aHrHApH;xaMH HenpejoiejibHbix 

KHCJIOT. 

22. Cnoco6 no n.l9, rjj,c MOAH4)HUHpoBaHHbie 4)parMeHTbi JXHK c cl)opMyjioH (VI) 
nojiynaioT aMHHupoBaHneM RHK c nocjie^yiomnM auHJiHpoBaHHeM aKTHBHpoBaHHbiMH 
34)HpaMH HenacbimeHKbix khcjtot. 

23. Cnoco6 no n.3, rjjj& MOOT4>HUHpoBaHHbie 6ejiKH BbiGnpaiOT h3 4>opMyji VIII, 

X, XI 



' 1>2 „3 
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O 



vm 



R , R , R - H, ajiKHji C-Cfi, Ph, PhCH2- ; 
Y - (p-C6H4)„, w n= 0-2; 
R-(CH2)„, (CH2O)„.n=l-20 



HJIH 



R, 



R 



R, O 





Y X W- 



F — Z-PROTEIN 

S 
O 



► i 2 3 

^ R , R - H, ajTKHjT C-Ce, Ph, PhCHj- ; 
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y - (p-C6H4)n, rae n= 0-2; 

R-(CH2)„, (CH2O)„.n=l-20; 

X=NH, O; 

W= NH, O, CH2. 
Z=NH, S; 
F=(CH2)n,n=1.2 

HJIH 



O 




XI 



24. Cnocoe no n.23, r^e Mo;,Hci,HUHpoBaHHBie 6e.KH c 4)opMy.ofl (VIII) 
no.yMa.ox au„.„poBaHHe. aMHHorpynn aKXHBHpoBa„„.MH a^HpaMH cooxBeTcxByK>a,„x 
Henpejr^ejibHBix khcjiot. 

25. Cnoco6 no n.24, r^e aKXHBHppsaHHBze a^npsi HMeK>x cne^yK^mee cxpoeHHe: 
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^1 o 



R 




VII 



R , R , R - H, ajiKHji C, -Cfi, Ph, PhCHj- ; 
Y - (p-C6H4)n, rae n= 0-2; 
R-(CH2)„. (CH2O)„.n=l-20 

X- N-rH^poKCHCyK«HHHMH;,H., p-HHTpo4.eHH.OKCH, nCHTa^TOp^eHH.OKCH H.H 

JMo6i,H ApyraM UKueiiTopHaa xopomo yxo^maa rpynna. 
Z-NH, 0,CH2,S 

26. Cnoco6 no n.23, r;,e MO«H4,H«HpoBaHHBxe Gc^kh ^opuyna (X) no^ynaK^T 
a.KH.HpoBaHHeM cy..4.rH«pH..Hoft „.h aMHHorpynnBx npoH3Bo;,Hs:MH a,p. 
Henpe«xx Kap6o„H.BHMx coe;,H„eHHft. a,P-„enpe;^enBHHx h a-ra.oreH 

Kap60H0BBIX KHCJIOT. " " *" ' 

27. Cnoco6 no n.23, r^e MO^^H^HUHpoaaHHsie 6enKn 4,opMynBi (XI) no;iyHaK,T 
o6pa6oxKOH peKOMGHHaH^oro 6e.Ka c His6 N-MeTaKpH.OH.HH^H.oxpHyKcycHOH 

KHCJIOTOH B npHCyrCTBHH COJICH flByXBajieHTHOrO HHKCJM. 

28. Cnocoe no n.27, r^e N-MeTaKpH;ioH™HTpHnoTpHyKcycHaH KHc^oxa HMeex 
cjie/tyiomee crpoeHHe: 

O 



H 

HN-R-c—COOH 

N-CHgCOOH 
CH2COOH 

XII 
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R=(CH2)„,(CH2CH20)n. n=0-20. 

29. Cnocoe no n.26, r^e a,p-Henpe;^e;iBHBie KapGoKHnsHHe 
cjTe;iyiomee CTpoeuHe: 



coe;5HHeHHfl hmciot 



R 




R, O 



^2 Y-^'^x'^ V 



IX 



R\ R^ - H, ajiKHJi C-Cfi, Ph, PhCHs- ; 

Y - (p-C6H4)n, r^e n= 0-2; 

R-(CH2)„, (CH2O)„.n=1.20; 

X=NH, O, S, CH2; 

W=NH,O.CH2. 

Z= ranoreHMeTH., areHH., cyK«HHHMH;,H. h.h .k>6oh ^xpyron 4>parMeHT, 
cojepjKaiKHfl aKTHBHyio Kparayio CBiBb. 

30. Cnoco6 no n. 1 , b KOTOpoM c<l,opM„p„Ba„„B,H „a no™o>KKe c„o« re^ pa3ae^e„ 
nycr™„ „poMe»eyrKaM„ Ha hccko^ko .,eeK. .^KHeM Ka«,a, „3 „eeK „o«eT 
co^ep^arB .„6o He co«p«aTB H„Mo6H™30BaHHB.e MaKpoMcexy™. a MaKpoMoneKy™ 
HMM06H™30Ba„„B,e B pa3„B,x „eflKax Mor^T paa^H-a^o, no CBoe« npapo^ „ 

CBOHCTBaM. 
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3.. C„„co6 „o n.30. b Ko«,po« „„e ^^^^^^ 
oaHOMepHyw IMH aeyMepHyio cipyiaypy (MacCHB). 

32. Cnocce „„ „.30. b KoxopoM Ha„ece„„e no™Mep»a«„„„„„, oMecn „a 

CHa6=KeHHOro OAHHM h™ HecioJBKHMH MHKpOflHCneHMpaMB. 

33. C„oco6 „„ „.32, B KOTOPOM HO„o»3yK>TC, M„Kpo^o„e„cepB, c^p^eBO,. 



THna. 



34. Cnocoe no „.32. „ KoTop„„ „cno„.3y,o™ 6coKOHTaK™.e MHKpo^„c„e„cep„ 

CTpyfiHoro THna. 

35. Cnoco6 no „.32. . KoTopoM «3y«,., HecKo^xo MHKpo.„o„e„cepoB. 
o6pa3yiomHx peryjijipHyio cxpyKrypy. 

36. CnocoS no „.30, b KOxopoM o^a „™ „eeKO,BKO „o_ e „aBc«»HHMH 
Ha „„x Ka™,M„ no™„ep„3a„„0HHcfl CMec„ „.p« „o™„ep„3a«„efl B™epK„BaK,rc, b 
repMexHHHOM _epe. co.ep.au,e« ^^on...y^ no™M„o„yK, cmocb b 
KO.„,ecTBe. npeBB._M cyMMapHo. ko„o no™ep„3a„„o„„o« cMecn. 
HaHeceHHofl Ha nowioTKKH, 6onee hcm b 2 paaa. 

37. Cnocoe no n.30, b KoropoM o;„,a „™ „=cKon.KO no^o^eK c Ha„eoe„HB„>.„ 
Ha „„x Kan„™„ no.HMepH3a„„o„Ho« c„ec„ nepe. „o™Mep„3a„„ei, „ b npoueccc «ee 
pa3Men,a.^, b r^pMer^noM KOHTe«„ep. b 6ecKKc.opc™c« „„ep™oi, axMoo^epe c 

KOHTpoJIHpyeMOH BJiaMCHOCTtK). 

38. Cnocoe no n.37. . xoxopoM Ko„««„ep 3ano™,eTo, o».hm h3 c.e;,yK>n„,x 

raaos: N2, Ar, CO2. 

39. C„oco6 no n.36. b Ko.opcM ra30Ba, cpe^a b KOHTe«„epe c no^o^KBMH 
HenpepMBHo hjih nepnoflHTOKH oSHoanaercj. 

40. K0Mn03>,„„„ ^, „M„o6H™3au„„ 6„o.or„,ecK„x MaxpoMo^exy.: 
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o.HroHyK.eoxH.oB. npoxcHHOB, flHK(PHK) h.k .k,5.x .py.Hx Mo.eKy., Hecyn^nx 
HenacBimeHHsie rpynnsi, cjie/iyiomero cocxaBa: 



A"+B''+C'+D''+E'=K 

r^e A- 



A- aKpH^iaMH;^ (aa), MeTaKpH;,aMH^ (MAA). N- 
(TpHc(rH.poKCHMexH.)MexH.}-aKpH.aMH. (TA), H.H .K>6o« .pyro« MOHOMep Ha ocHoae 
npoH-,nofl„Mx aKpiuioBoii i-i MeraKpHjiOBoii khc;iox; 

B- N,N'-MeT„.e„6McaKp„.nM„^ (Bis). N.NM.2 ^Hr„;,poKc„-3XH.6HcaKpH.aMH^ 
(DHEBA). no™.eHr™s^„aKpHaMH;, (PEGDA). hx cmccb h.h .k,6oh ;,pyroH 
BOflopacxBopHMMH cuiHBaiomHH arcHx; 

KHc;,o™. „p„t.H„ „™ «py^ „e„ac«u.e„„yK. n>yn„y; 

D- ™„aep„„. „o™bh„„.obb* on„pT. caxapo3a „™ ^py^e Bo«opacTBop„Mo= 

BBicoKOKHnnmee coe^HHeHHe; 
E- Bom; 

K- KOMnOSHIIH^. 

.,b,c,d.e.npoua„T„„e co«p>.a„„e (X) Ka>«,„ro Ko„„o„eHra . hcxo^om cocTSBe 
KOM„o3„„„„ (X=„Vvx,00%. ™, „ep».. .ea,ec™. „™ x=v/v.,00% 
BemecxB). 

3%^a+b^40%; 0.0001 o/o^c^iQo/o; 0o/o^d^90%; 5%<e^95o/,. 

41} Mo;^H4)H«HpoBaHHsie o^iHroHyK^eoxH^i c;ie;^yK>mero cxpoeHH^: 
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I 



Z 



R'> R^ - H, ajiKHJi C, -Cfi, Ph, PhCH2- ; 

(CH.)„CH(CH.OH)CH.OX, r.e n= 1-6; h.h (CHa)„-OX, r.e n= 2-6; 
X - Ooc*o^H34,HpHa. rpynna, CB.3MBaK>ma. Henpe,^e..Hs:H 4,parMeHT 

h/hjih 3'-kohuom ojiHroHyKjieoTHjia. 
R"- H,(CH2)„OH,r;ien=2-6; 
^ ■ (P-C6H4)n, rae n= 0-2; 



42, Ooc<i)oaMHaHTi,i o6meH 4)opMyji 



BI 



>1 T>2 



II 



R . R - H, ajiKHJT C-Cfi, Ph, PhCH2-, W n=2-6 ; 

R"^- ajiKHxr Ci-Ce; 

R" - H, (CH2)„-OAMT, rac n= 2-6; 

^ " (P-C6H4),, r/ie n= 0-2; 



. CPG cjie;iyiomero cxpoeHHa: 
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r^e: 

r'.r2 



Ri R3 

Ml 



Y N 



ODMT 




O 
III 



H, ajiKHJi C,-C6, Ph, PhCHas 
aiiKHjT C1-C6; 
(p-C6H4)n, rm n= 0-2; 



NH- 




CPG 



44. Mo;^H4)H^HpoBaHHSIe 4)parMeHTi>i flHK 



cjie;iyiomero crpoeHHa: 



R2 Y— 



IV 

rae: 

R ' , R^ R^ - H, ajiKHji C, -C6, Ph, PhCHz- ; 

Z - (CH,)„CH(CH,OH)CH.OX, r^e n= 1-6; h.h (CH.)„.0X, r^^e n= 2-6; 
X - ci,oc4,o,,H3ci)HpHa., rpynna. CBH3siBaK)maH Henpe;^e;iBHBm 4)parMeHT c 5'- 
h/hjth 3'-kohhom ojiHroHyKjTeoTH/ia. 
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R'- H,(CH2)nOH,wn=2-6; 
Y - (p-C6H4)„, r;ie n= 0-2; 

win 



5'-XO-DNA-3'-OZ 

V 



o 

^3 R| R3 R, 



R', R^ R^ - H, ajiKHji Ci-Cfi, 

Ph, PhCHz- ; 

Y- (p-CeHOn, rfle n= 0-2; 



HJIH 
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VI 



R . R , R -H, ajiKHji C-Ce, Ph, PhCHj- ; 
Y - (p-C6H4)n, rae n= 0-2; 

45. Mo;.u.cl.Hi.„poBa...,ue Gcjikh cjie;,y,omero cxpoeHH^i: 

^1 R3 o 





« T 

o 



VIII 



r^e: 

d2 d3 



R , R , R - H, ajiKHJi Ci-Ce, Ph, PhCH2- ; 
Y - (p-C6H4)n, rm n= 0-2; 
R-(CH2)„. (CH2O)n.n=l-20 



HJIH 
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R, 



R3 O 
Y X' 



Ro Y^^N/-^ 



W 




F — ^Z-PROTEIN 



l<\l<\R'- H, ajiKH/i C , -Cfi, Ph, PhCH2- ; 

Y - (p-CftI L,)i„ VAC n= 0-2; 
R-(CH2)„. (CH20)„.n= 1-20; 
X=NH, O; 
W=NH, O, CH2. 
Z=NH, S; 
F=(CH2)n,n=1.2 



HJIH 
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R', R^R^- H.ajiKHJiC-Ce, Ph, PhCH2-; 
Y - (p-C6H4)n, me n= 0-2; 
R-(CH2)„. (CH20)„.n= 1-20; 
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X=NH, O, S, CH2; 
W=NH, O, CH2. 

Z = rajioreHMexHJi, sxeHHJi, cyKUHHHMHWHJi hjih jiio6oft ^ipyrofi ^parMcm, 
coAep^amHH axTHBHyio KpaTHyx) cnxsh. 

47. AKTHBHpoBaHHBie 3(|>Hpbi cjieflyiomero CTpoeHHa: 



Ri R3 o 




o 

VII 



R . R' - H, ajiKHJi C, -Cfi, Ph, PhCHz- ; 
Y - (p-C6H4)n, rue n= 0-2; 
R-(CH2)„. (CH20)n.n= 1-20 

X- N-^H;^pOKCHCyK^HHHMHflHJI, p-HHTpO(|)eHHJIOKCH, neHTa4>T0p(i)eHHJI0KCH 

Jiio6aa apyraa aKqenxopHaa xopouio yxoaamaa rpynna. 
Z-NH. 0,CH2,S 

48. N-MeTaKpHJioHJiHHTpHjioTpHyKcycHan KHCJioxa cjieayiomero CTpoeHHa: 



HJIH 



H 

HN-R-C— COOH 
I 

N-CH2COOH 
CH2COOH 
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R= (CH2)„, (CH2CH20)„, n=0-20. 



49. Cnocoe npoBe^CHH^ ^^P-aM^™4,HKa^HH cneuH^HHecKHx 4.pameHTOB JJfiK, 
B KOTOPOM aM^.H4.HKa^H« npoHcxo^HT KaK Ha^, TaK H snyrp., MHo.ec^a re^cBBix 

M....CPO..H..U, „0.y.eH„OrO MeXO.OM KOnO.HMepHSaUHH, BK.K>HaK,mHH 

cjie/^yioiuHe 3TanM: 

(a) npHroTOB^ieHHe MHKpoHHna co cneuHct,HHecKHMH Ha6opaMH 
o;iHroHyK;ieoTO (npaftMepoB). HMMo6H;iH30BaHHB.iMH MeTo;ioM 
Kono;iHMepH3a«HH a onpe;,e;xgHHBix a^pecax (rpe.ucpnux 
HsojiHpoBaHHMx rejiBBbix HHeHKax) HHna; 
(6) ;^o6aB^eHHe pacTBopa, cocxo^^ero hs aMn™4)HKa«HOHHoro 
6y4.epa, npaftMepoa h Hcc;ie;,yeMbix oSpasyoB HyK;ieHHOBsix 
khcjiot; 

(B) npoae^^eHHe nqP-aMnnH4>HKauHH nyr^M UHK;iHMecKHx H3MeHeHH« 
xeMnepaxypBi, b pe3y^BTaTe nero o6pa3yeTCH mho^kcctbo 
aMn^H*HKa«HOHHBix npo^^yKToa h n^ier a;i;ie;iecne«H4,HHecKoe 
ymaneHne HMMo6HJiH30BaHHwx npaftMepoa. 
50. Cnoco6 npoae^cHH^ nqP-aMnnH<i,HKauHH cne«H4,HHecKHx 4>parMeHTOB flHK, 

B KOTOPOM aMn.H*HKa«H. npOHCXO^lHT BHyTpH MHO>KeCTBa OKpy^KSHHSIX rH;,po4,o6Ho. 

>KH^Kocn,.o rceBMx «.eeK MHKponnna, no^yneHHoro mcto^^om Kono.HMep„3auHH, 
BKjiiotiaiomHH cjiejiyiomHe sTanw: 

(a) npHroTOB;ieHHe MHna co cneuH^HnecKHMH Ha6opaMH npaftMepoa, 

HMM06HiIH30aaHHSIX Mexo^IOM KOno^HMepH3a«HH BHyTpH Ka)K40H 
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H3 rejiCBMx OTecK; 

(6) 406aB.e„„e pacxBopa. co^ep^^ero „cc,e;^e„B,e „yK.e„„„BMe 

KHOIOTM „ npOBe«„„e ™6p„^„3a„„„ HyKJieHHOBMX KHcnOT 

c npaSMepaMH. HMMo6mH30BaHHMMH BHjTpH n,MBMx a,eeK; 
(.) 3aMeu,eH„e rH6p„«„3a«„o„„„ro pacTBopa 

aMn;iH(|)HKaqHOHHbiM pacTBopoM; 



(r) 



3aMeme..,He ao^Horo a^,^;,„ci,HKa^HOHHo^o pacxaopa rH;,po4>o5Hofi 
>kh;,koctmo 0.a..epn.,.„..M Mao.oM). KOTopa« „o.hoctsio 



HHX; 



(A) 



npoBc^ieHHe nqP-aMn.H4>HKa«HH BHyxpH Ka>K^oH r^.eBofl hhchkh 
nyrgM qHKJiHnecKHX HSMeHeHHft TeMnepaxypLi. 
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PHC.3 
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PEOEPAT 



Hac™™,ee H3o6pe„„„e othoch«=, k o6™ot„ „o.eKy.,p„„« Bhcophh „ 
6Koop.a„„,«Ko., x„M„„ „ .acaexc, k„m„03h„„, ^ hmm„6_„ 
MO«„*„„„poBa„„,„ o™ro„yK.eoT„«o.. 6e,K0B. „yK„e«„OB„x khcot ™„ .k>6„x 
.py. HX „o.eKy., „ecyn„,x „=„ac„«e„„B,e rpy„„«. a n.^por^e npH H3™T0.,eH„„ 
M«Kpo.,„„„„ „eT„^„„ *<r,o„,„y„„pye„„fl cono™„ep„3a„„„. H3o6p^„„e TaK».e 
OTHOCHTc, . ^x„„™™„ H3™.oa,e„„, MHKpo^noB „ npoBe.eH„„ „o™Mepa3„o« 
Uen„oa peaK^H (n«P, „a ™„e. „axo»„,„x „p„„=HeH„e . „c«Ky™p„o« 6„o.o™„ 
np„ ceKBeH„poBa„„„ h xaprpHpoBaHm, flHK. «e«KT„poBaH„„ Myra«HiS h „e.oro p«a 

Me/IHUHHCKHX npHJIO^eHHH. 
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A method for production and a composition for immobilization of biological 
macromolecules in hydrogels, and application thereof for manufacturing biochips 

Field of Invention 

5 The invention refers to the field of molecular biology and bioorganic chemistry and 

deals with compositions for in hydrogel immobilization of modified oligonucleotides, 
proteins, nucleic acids, or any other molecules bearing unsaturated groups in preparing 
microchips by method of photo-initiated copolymerization. The invention also refers to the 
technology for manufacturing microchips and to performing a polymerase chain reaction 
10 (PGR) over a chip having an application in molecular biology for sequencing and mapping of 
DNA, detection of mutations, and in a whole lot of medical applications. 

Background of Invention 

There are known in the art publications on immobilization of modified oligonucleotides and 
15 proteins in an acrylamide gel in manufacturing biochips by method of copolymerization [1, 
2]. 

[1] F. N. Rehman, M. Audeh, E. S. Abrams, P. W. Hammond, M. Kenney, and T. C. 
Boles, Nucleic Acids Research, 1999, V.27, 15, P. 649-655. 

[2] A. V. Vasiliskov, E. N. Timofeev, S. A. Surzhikov, A. L. Drobyshev, V. V. Shick , 
20 and A. D. Mirzabekov, BioTechniques, 1999, V.27, P. 592-606. 

Conventionally, the compositions being used in publications cited for manufacturing the 
oligonucleotide and protein microchips may be subdivided into the following components: 

• Monomers making the basis of the gel being formed 

25 Use is made of mixtures of acrylamide and Z/,^ -methylenbisacrylamide as a gel 

forming carrier having the total content T = 5%, C = 5% (19 : 1) [2], and T = 10%, C 
= 3.3% (29: 1)[1]. 

• Modified oligonucleotides and proteins bearing the unsaturated groups 

There are proposed methods for synthesis of modified oligonucleotides and proteins 
30 bearing methacrylamide [1], acrylamide [2], and allyl [2] groups. 

• Medium for performing the photo-initiated copolymerization 

Use is made of water-glycerol solutions with corresponding ratios 25:75 [1] and 60:40 [2] to 
form a hydrogel. 

35 The technology for immobilizing biological macromolecules in hydrogels finds application in 



2 

practice, particularly in manufacturing biological microchips (biochips) (Khrapko et al., US 
Patent No. 5552270; Ershov et al., US Patent No. 5770721). Presently, the biochips are 
considered as one of the most challenging analytical tools in the fields such as an 
investigation of DNA structure in molecular biology, a gene clinical diagnosis, monitoring 
5 pathogenic microorganisms etc. In these chips, the macromolecules playing a part of 
molecular probes are immobilized in hydrogel cells, which are fixed on a common support 
and form the regular stmcture (matrix). 

There are known methods for manufacturing biochips based on hydrogels, in which a 
10 technological cycle consists of steps: (1) preparation of support, (2) forming a matrix of gel 
cells on the support, (3) application of the solution of biological macromolecules onto cells in 
line with biochip scheme predetermined, (4) chemical treatment of cells with the purpose of 
immobilizing molecules of probes, (5) washing and drying of biochips obtained. To form 
matrix of gel cells, it is provided the method of laser ablation of a special light-absorbing 
15 layer located under the continuous gel layer having a geometry being complement with 
respect to the predetermined geometry of cells' body (Ershov et al., US Patent No. 5770721), 
as well as the method of photo-polymerization through a mask (Guschin et al.. Manual 
manufacturing of Oligonucleotide, DNA, and Protein Microchips, Analytical Biochemistry, 
1997, Vol. 250, No. 2, pp. 203 - 21 1). 

20 

The methods stated are technically complicated, and uses are made of procedures not ensuring 
the necessary uniformity and reproducibility of gel cell properties and are hardly automatized. 

There are also known methods for manufacturing biochips based on a gel in which steps of 
25 forming the cells' body and inunobilizing molecules of probe are combined together by using 
a technique of photo- or chemical initiated copolymerization [1, 2]. The essence of these 
methods consists in that use is made of polymerization mixtures, which comprise, along with 
monomer and cross-linking agent, immobilized macromolecules provided with the 
unsaturated group, which enables an incorporation of these molecules into a polymer net of 
30 hydrogel. 

According to a protocol for manufacturing biochips as disclosed in reference [1], chip cells 
are obtained by polymerization of the mixture droplets supported on a support using a 
micropipette. 

35 



For manufacturing a chip, in reference [2], use is made of a special thin-layer («5 urn) 
chamber having a reaction volume bounded, on the one hand, with a support of future chip 
and, on the other hand, with a window transparent for UV radiation. The biochip cells have 
been developed one after another by performing a cycle of the following operations: (1) 
filling a chamber with the mixture having a corresponding probe, (2) polymerization of the 
mixture by exposure of UV-beam focused into a square blemish of the necessary size in the 
location of fiiture cell, (3) washing the chamber before its filling with the next solution. 

It is clear that versions of copolymerization technology considered are also of little use for 
automatic manufacturing biochips. As to immobilization chemistry, the methods also have 
several drawbacks: 

1 . In manufacturing the gels, the application of acrylamide and ^;iV'-methylenbisacrylamide 
only restricts greatly the range of hydrogels obtained by their structure and porosity. 

2. Preparation of modified oligonucleotides by method of authors [1] allows obtaining the 
5'-end methacrylamide group only linked to the oligonucleotide molecule through a 
phosphamide linkage being labile in acids [3-5]: 

[3] N.N. Preobrazhenskaya, Russ. Chem. Rev., 1972, 41, P.54. 
[4] Chanley J., Feageson E., J.Am.Chem.Soc, 1965, 87, P.3199 
[5] Clark v., Kirby G.. J.Chem.Soc, 1957, P. 1497. 

3. The problem of lability in acids has been overcome in [2], however, the allyl terminal 
group, as inserted in the oligonucleotide molecule according to this method, has a low 
affinity to acrylamide and bisacrylamide in a copolymerization reaction. 

4. The immobilization of proteins is provided by two-stage modification method [2] 
enabling an insertion of the unsaturated moiety by NHz-groups only. 

For performing chemical polymerization of microchip elements by reference [1], it is 
proposed a damp nitrogen atmosphere that decreases the efficiency of polymerization. 

For performing photo-initiated polymerization by reference [2], use is made of UV radiation 
with the wavelength of 254 nm that results in destruction of oligonucleotides [6]. 



[6] Saito I. et al. Tetrahedron Lett., 1981, 22, P. 3265-3268. 
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BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1* Immobilization of oligonucleotides having a 5'-temiinal unsaturated group onto a 
modified glass. 
5 Compositions 

A acrylamide, A^^-methylenbisacrylamide-T10%, C5%; glycerol- 64,5% 
B acrylamide, iV,A^-methylenbisacrylamide-T5%, C5%; glycerol- 64,5% 
C (acrylamide + A^-[tris(hydroxymethyl)methyl]acrylamide (1:3)): (A^,Ar- 
methylenbisacrylamide + (A/;iNr-(l,2-dihydroxyethyleneacrylamide) (3:7), T5%, C25%; 
10 glycerol- 64,5% 

comprising oligonucleotides 



■ >-< 



MAAI 




MAA2 - ^ 



having a 5'-methacrylamide terminal group (C= 130 pmol/jil) are polymerized by an exposure 
15 of UV-radiation on a modified glass. Oligonucleotides immobilized are hybridized with the 
fluorescently labeled oligonucleotide test (1 nM, IM NaCl). A fluorescent pattem is obtained 
by using a fluorescent microscope. 

Fig* 2. Thermodynamic analysis of 8-dimensional duplexes. 
20 Immobilized oligonucleotides (C=130 pmol/^1): 

O 

^ II 

P~0-GAACTGAG 

OH 





hybridized fluorescently labeled oligonucleotide: 5 '-CTCAGNNC-Texas Red (1 nM, IM 

NaCl). Compositions 

A acrylamide, iV^-methylenbisacrylamide-Tl 0%, C5%; glycerol- 64,5% 

B acrylamide, A^^-methylenbisacrylamide-T5%, C5%; glycerol- 64,5% 

C (acrylamide + Ar-[tris(hydroxymethyl)methyl]acrylamide (1:3)): iNJT- 

methylenbisacrylamide + (MAr-(l,2-dihydroxyethyleneacrylamide) (3:7), T5%, C25%; 

glycerol- 64,5% comprising oligonucleotides 

Fig. 3. Protein immobilization in a hydrogel via modified amino-groups 

The modified Bamase protein having from 1 to 9 unsaturated groups inserted per one protein 
molecule is immobilized by method of photo-initiated copolymerization under an exposure of 
UV-radiation (312 nm) over a glass modified vAth Bind Silane. Protein concentration in gel 
elements of microchip is of 0.09 mg/mL. The composition of polymerization mixture is as 
follows: T5%, C25%; (acrylamide + iV-[tris(hydroxymethyl)methyl]acrylamide (1:3)): (NJ^- 
methylenbisacrylamide + (jV;jV-(l,2-dihydroxyethyleneacrylamide) (3:7), glycerol- 64,5%. 

A binding with a fluorescently labeled Barstar inhibitor is performed in a brine (O.IM NaCl) 
phosphate buffer (O.OIM, pH 7.4) comprising 0.1% Tween 20, for 8 h, at 5°C; Barstar 
concentration is of 0.1 mg/mL. The effect of number of groups inserted on the immobilized 
protein activity is evaluated by a signal intensity obtained by using a fluorescent microscope. 

51 - protein firee gel 

52 - totally modified protein (9 groups) 

53 - 5 groups, S4 - 1 group. 

Fig. 4. Immobilization of DNA fragments in an acrylamide gel (acrylamide- NJ^- 

methylenbisacrylamide-T5%, C5%) bearing a terminal unsaturated group. 
A. Hybridization of oligonucleotides immobilized 

ABL65 5'-CAGT CTGG AGAAA CACT CCTGG TAC-3', 
bearing or not bearing a terminal group MAA and non-specific oligonucleotide oligo 509 
having a probe labeled with FITC (probe ABL67). Oligonucleotide ABL67 is complementary 
to oligonucleotide ABL65. 

B. Human gene firagment ABL staining v^dth SYBR II GREEN 
immobilized over a glass {ABL DNA). The DNA firagment is prepared by PGR amplification 
cDNA having specific primers to the gene ABL. The product having a size of 334 base pairs 
(233-566, beginning fi-om a start of transcription) is treated with methacrylic acid anhydride 
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and immobilized over a glass. The staining is perfomied by procedure as recommended by the 
manufacturer. 

C. Hybridization of the same fragment immobilized having a probe labeled with FITC 

{probe 67). 

5 

Fig. 5. Detection of mutations in 526 and 531 gene codons codmg RNA-polymerase of M 
tuberculosis by using the PGR over a microchip as obtained by copolymerization. 
There are performed three independent experiments using the genomic DNA of M, 
tuberculosis of wild type or DNA comprising a known mutation (Trp531 or Asp526) as the 
1 0 objects of study. 

Scheme of the chip 



1 


2 


3 


4 


o 


o 


o 


o 


o 


o 


o 


o 



The structure of oligonucleotides immobilized over a microchip by copolymerization: 
531 codon 

1 .leu53 1 GGTTGACCCACAAGCGCCGACTGTT 
20 2.cys531 GGTTGACCCAtAAGCGCCGACTGTGT 

3. trp531 GGTTGACCaACAAGCGCCGACTGTGG 

4. ser531 GGTTGACCCACAAGCGCCGACTGTC (wild type) 

526 codon 

1 . Asn526 CC AGAAC AACaCGCTGTCGGGGTTGACCA 

2. Tyr526 CCAGAACAACaCGCTGTCGGGGTTGACCT 

3. Asp526 CCAGAACAACCCGCTGTCGtGGTTGACCG 

4. His CCAGAACAACCCGCTGTCGGtGTTGACCC (wild type) 

The structure of oligonucleotide used in solution: 

F (forward): 5'-NH2-GGT-CGC-CGC-GAT-CAA-GGA-GT-3' 
R (reverse): 5'-NH2-CGG-CAC-GCT-CAC-GTG-ACA-GA-3' 



25 



30 
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Fig. 6. Illustration of allele specific elongation of immobilized primers as a result of PGR 
performed inside of biochip's gel cells xmder mineral oil. 

As an object of study, use is made of genomic DNA of M tuberculosis strain (wild type). A 
lower part of this figure represents the relative quantitative data on the fluorescent intensity 
5 (because of hybridization of the fluorescently labeled, asymmetric PCR-chain with the 
immobilized primer elongated due to PGR) in ceils with the primer (wt) being entirely 
complementary to the DNA studied and in cells with the mutant primer (mut). 

The structure of oligonucleotides immobilized over the mcriochip by method of 
1 0 copolymerization: 

C4: GGAGAAGAAGGGGGTGTGGGtGTTGAGGC (wild type) 

C5: CCAGAACAACaCGCTGTCGGGGTTGACCT (Tyr526) 



Summary of the Invention 

15 The essence of invention consists in that oligonucleotides, proteins, nucleic acids, or any other 
biological macromolecules are modified with various unsaturated groups having a high 
affinity with the unsaturated monomer being the basis of hydrogel formed (such as 
acrylamide, methacrylamide, or any other similar monomer) that allows performing the 
effective immobilization of modified oligonucleotides in a gel straight in the process of its 

20 preparation. In particular, this immobilization procedure forms the basis of method for 
preparing biological microchips based on hydrogels, which method is a constituent of the 
present invention. 

According to the present method of inmiobilization of biological macromolecules in 
25 hydrogels, for preparing thereof, use is made of composition of the following formula: 
K = AVB^+C'+D^+E* 
wherein 

K is a composition; 

A is acrylamide, methacrylamide, A^-[tris(hydroxymethyl)methyl]acrylamide, or 
30 another monomer based on derivatives of acrylic and methacrylic acids; 

B is NJ^ -methy lenbisacrylamide, A^, - 1 ,2-dihydroxyethylenebisacrylamide, 
polyethyleneglycol diacrylate, a mixture thereof or other symmetric or asymmetric cross- 
linking water soluble agent based on derivatives of acrylic and methacrylic acids; 

C is a modified oligonucleotide, modified nucleic acid, protein or another molecule 
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bearing vinsaturated group; 

D is glycerol, sucrose, JV^TV-dimethylformamide, dimethylsulfoxide, polyhydric 
alcohols (e.g., polyvinyl alcohol), or another water soluble high-boiling compound; 

E is water; 

5 a,b,c,d,e are percentages of any ingredient in the composition (for solids X = 

m/vxlOO% and for liquids X = v/vxlOO%). 

3%<a+b<40%; 0.0001%<c<10%; 0%<d<90%; 5%<e<95%. 

Along with gels of another application, the composition as indicated above is proposed to use 
10 for manufacturing oligonucleotide, protein, and DNA (RNA) microchips by method of photo- 
initiated copolymerization using the technology as follows. 

The present composition for manufacturing biological oligonucleotide, protein, and DNA 
(RNA) chips will make use of the following ingredients: 

15 

• Monomers composing the basis of gel being formed 

As gel-forming monomers, there are proposed various combinations of acrylamide, 
methacrylamide, 7V-[tris(hydroxymethyl)methyl]acrylamide, A^,Ar -methylene bisacrylamide, 
iV,iV-l,2-dihydroxyethylene bisacrylamide, or any other water soluble monomer based on 
20 derivatives of acrylic and methacrylic acids. In this case the total content of monomer and 
cross-linking agent in the composition ranges from 3 to 40% (3<T<40), and the monomer to 
cross-linking agent ratio being in the range of 97:3-60:40% (3<C<40). 

Hydrogels having a predetermined pore size are to be prepared by varying the combinations 
25 and ratios of monomers. 

• Modified oligonucleotides, proteins, nucleic acids, which structures comprise fragments 
of unsaturated acids. 

30 Methods of modification of oligonucleotides 

For manufacturing oligonucleotide microchips there are provided synthetic 
oligonucleotides of general formula: 



9 




wherein 

R\ R^ are H, alkyl C1-C6, Ph, PhCHz- ; 
5 Z is (CH2)nCH(CH20H)CH20X where n = 1-6; or (CH2)„-OX where n = 2-6; 

X is a phosphodiester group binding an unsaturated moiety to 5'- and/or 3 '-end of the 
oligonucleotide; 

R"^ represents H, (CH2)nOH where n = 2-6; 
Y is (p-C6H4)n where n = 0-2; 
10 being prepared by using conventional phosphoramidite solid-phase synthesis or 

acylation of synthetic, amino-linker comprising oligonucleotide with activated esters of 
unsaturated acid in post-automatic conditions. 

• In automatic conditions, the insertion of unsaturated compounds into synthetic 
oligonucleotide is performed by using the corresponding phosphoramidite. In the 
15 general case of modifying oligonucleotides, there are provided phosphoramidites of 

formula: 



25 



OCNEt 



R2 ^Y— C K 

(11) 

20 wherein 

R", r2 are H, alkyl C-Ce, Ph, PhCHj-, where n = 2-6; 

is alkyl Ci-Cei 
R'* represents H, (CH2)nODMT where n = 2-6; 
Y is (p-C6H4)„ where n = 0-2. 



Example 1 represents a procedure for synthesis of 2-(N-methacrylaminoethyl)-N,N'- 
diisopropyl-2-cyanoethyl phosphoramidite. 
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For inserting vinsatvirated acid at 3 '-end of oligonucleotides under conditions of automatic 
synthesis of oligonucleotides, there are provided a carrier porous glass (CPG) of the following 
structure: 




III 

wherein: 

R', r2 are H, alkyl C-Ce, Ph, PhCH2-; 

is alkyl Ci-Cs; 
Y is (p-CslWn, where n = 0-2, 

Use is made of this modified glass (CPG) in conventional conditions of automatic synthesis of 
oligonucleotides. 

Example 2 sets forth a procedure for synthesis of methacrylamide-CPG-support. 

• In post-automatic conditions, the insertion of unsaturated fragment into oligonucleotide 
is performed by using reaction of 4-nitrophenyl ester of corresponding acid with the 
amino-linker comprising, synthetic oligonucleotide at 5'- and/or 3 '-end. There are 
prepared 4-nitrophenyl esters of unsaturated acids by reaction of corresponding acids 
with 4-nitrophenol in the presence of dicyclohexyl carbodiimide or acid anhydrides 
(including chloranhydrides) in the presence of bases. 

Example 3 represents the general acylation procedure for synthetic oligonucleotides having 
unsaturated groups. 

Fig. 1 represents results of hybridization over a oligonucleotide microchip wherein the 
oligonucleotide with 5'-terminal methacrylamide group is prepared under conventional 
conditions of automatic synthesis of oligonucleotides using phosphoramidites of formula (II). 
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Methods of modification of DNA 

For manufacturing DNA microchips there are provided three methods for modifying DNA 
fragments to insert unsaturated group in the molecule structure: 

• Utilization of synthetic primer bearing a terminal unsaturated group in PCR- 
amplification. 

This method allows preparing a double-stranded or one-stranded DNA fragment of the 
following structure: 




IV 



wherein: 

r\ R^ areH, alkyl Ci-Cg, Ph, PhCHa- ; 

Z is (CH2)nCH(CH20H)CH20X where n = 1-6; or -(CH2)n-OX where n = 2-6; 

X is a phosphodiester group binding an unsaturated moiety to the end fragment of the 

DNA; 

R"* represents H, (CH2)nOH where n = 2-6; 

Y is (p-C6H4)n where n = 0-2; 

• Direct acylation of DNA fragments with unsaturated acid anhydride. 

Utilization of unsaturated acid anhydrides for acylation of DNA allows preparing modified 
DNA fragments of the following structure: 

5^«X-^-DNA-3'-0-Z 
(V) 

wherein 

X is H, H2PO3, -C0-Y-CR^=CR^R'; 

Z represents H, H2PO3, -C0-Y-CR^=CR^R' 

R', R^ R^ are H, alkyl C-Ca, Ph, PhCH2- ; 

Y represents {p-C^)n where n = 0-2. 
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It is managed to perform the direct acylation of DNA fragments not affecting the exocyclic 
amino groups of bsises [7]. 

[7] Stuart A., Khorana H.G., J. Biol. Chem., 1964, 239, P. 3885-3892. 

Example 4 sets forth a procedure for O-acylation of DNA fragments with anhydrides of 
5 unsaturated acids. 

• Amination of DNA followed by acylation with activated esters of unsaturated acids. 
The DNA fragment aminated by procedure [8] is acylated with activated esters of unsaturated 
acids in water organic medium. 

[8] Proudnikov D, Timofeev E, Mirzabekov A., Anal Biochem. 1998, 15; 259(1), P. 34-41. 
10 The modified DNA fragments obtained have of the following structure: 



DNA 




OH 

VI 



wherein: 

15 R* , R^ are H, alkyl C-Ce, Ph, PhCHz- ; 

Y is (p-C6H4)n where n = 0-2. 

Example 5 sets forth a procedure for amination of DNA followed by acylation with activated 
esters of unsaturated acids. 

Fig. 4 shows the results of hybridization over microchips with the iramobilized DNA 
fragments. 



20 



Methods of modification of proteins 
25 Modification of proteins is performed by three methods: 

1 . Acylation of proteins at amino groups is performed with activated esters of acids of the 
following structure: 
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Ri R3 O 



o 



VII 



wherein: 

r', R^ areH, alkyl C-Ca, Ph, PhCHj- ; 
Y is (p-Celidu, where n = 0-2; 
R is (CH2)n, (CH2CH20)„, where n = 1-20; 

X is N-hydroxysuccinimidyl-, /7-nitrophenyloxy-, pentafluoro phenyloxy-, or any other 
readily leaving acceptor group; 
Z is NH, O, CH2, S. 

Modified proteins have the following structure: 

Ri R3 O 

)=\ ,^R-._^NH-PROTEIN 
^^ ^ ^ J 

o 

VIII 

wherein 

15 R', r2, r3 are H, alkyl Ci-Ce, Ph, PhCHj- ; 

Y is (p-C^)n, where n = 0-2; 
R is (CH2)n, (CH2CH20)n, n = 1-20; 
Z is NH, O, CH2, S. 

Example 6 sets forth a procedure for modification of proteins at amino groups by example of 
20 Bamase protein. 

Fig. 3 shows the results of hybridization over microchips with the immobilized Bamase 
protein. 
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2. Alkylation of protein's amino- or sulfhydryl groups with derivatives of a,P-unsaturated 
carbonyl compounds and a-halocarboxylic acids is performed by reagents of the following 
structure: 



A, 



R2 Y' "X W- 



IX 



wherein 



R', R^ are H, alkyl Ci-Ce, Ph, PhCHz- ; 
Y is (p-C6H4)n, where n = 0-2; 
R is (CH2)„, (CH2CH20)„,n = 1-20; 
XisNH, 0,S, CH2; 
10 WisNH,0,CH2; 

Z is a halomethyl, vinyl, succinimidyl, or any other fragment comprising an active 

multiple bond. 



Modified proteins have the following structure: 



PROTEIN 



X A /'^x _/ 

R^ w — ^ 

o 



wherein 

20 R^R^R^ are H, alkyl C,-C6,Ph,PhCH2-; • 

Y is (p-C6H4)n, where n = 0-2; 

R is (CH2)„, (CH2CH20)„,n = 1-20; 

XisNH, O, S,CH2; 

W is NH, O, CH2; 
25 F is (CH2)n, n=l, 2; 

Z is NH, S. 



15 ' 

Example 6 sets forth a procedure for alkylation of aspartate-aminotransferase from cytosol of 
hen's liver with 2-acryloyloxyethyl methacrylate. 

3. A treatment of His-6 recombinant protein with N-methacryoyl nitrilotriacetic acid in 
5 the presence of nickel (Ni^"*^ salts results in the formation of complex of the following 
structure: 




[-R^NH-COC(CH3)=CHj 



10 

N-Methacryoyl nitrilotriacetic acid has the following structure: 

CH2=C(Me)-CO-NH-R-CH(COOH)-N(CH2COOH)2, 

XII 

1 5 wherein R represents (CH2)„, (CH2CH20)n, n = 0-20, 

Fig. 4 represents results of hybridization over the protein microchip. 
• Medium for performing a photo-initiated polymerization. 

As a medium in forming a gel, there are provided water-glycerol solutions, water-polyvinyl 
alcohol solutions, water-sucrose solutions, solutions of MA^-dimethylformamide, 
20 dimethylsulfoxide and other water soluble high-boiling compounds. The content of water in 
gel-forming compositions ranges from 5% to 90% (v/v) and that of water soluble high-boiling 
compound ranges from 5% to 95% (m/v; v/v). 
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Depending on the water to high-boiling water soluble component ratio, there are obtained gel 
compositions of various viscosities that allow varying a size of gel elements of microchip 
under a pin robot diameter fixed. 

5 • Monomer being covalently bonded to the glass surface 

For modifying a glass surface with a purpose of covalent bonding chip elements to the 
surface, there are provided the following reagents: 3-trimethoxysilylpropyl methacrylate, 3- 
trimethoxysilylpropyl methacrylamide, 3-trimethoxysilylpropyl acrylamide, 3- 
glicidyloxypropyl trimethoxysilane. 

10 

Such a range of modification agents allows preparing chips which may be used under the 
broad ranges of pH (from 2 to 12) and temperatures from -lO'^C to +100''C. 

Various combinations of composition ingredients allow preparing microchips, which 
15 elements' porosity may change over a broad range that makes it possible to use these chips in 
many applications, particularly for performing a polymerase chain reaction (PGR), as well as 
to investigate an interaction in oligonucleotide-oligonucleotide, DNA-oligonucleotide, 
protein-protein, and protein-DNA systems. 

20 Based on compositions proposed, the technology for manufacturing microchips by using 
photo-initiated polymerization comprises the following methods: 

(1) preparation of compositions and supports for manufacturing a microchip, 

(2) application of microchip elements, 

25 (3) leveling the water content in microchip elements, 

(4) initiating a polymerization, 

(5) washing a microchip obtained, 

(6) storing the compositions. 

30 On preparation of compositions for manufactviring a chip, all components are carefully mixed 
to form a homogeneous solution, which is evacuated (P = 12 mm Hg) and transferred into 
plates for micro titration that will be further used as a source of solutions on application onto 
support (supports) by using an automatic device (robot) which is equipped with one or more 
micro dispensers. 

35 

Method for manufacturing biochips is further disclosed in the case of using standard 
preparative glasses as supports. However, it is clear that this does not restrict the field of 
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application of proposed methods for immobilizing macromolecules and manufacturing 
biochips because of techniques as follows may be readily adapted to supports of another 
types, e.g. made of quartz, oxidized silicon, etc. 

5 The preparation of glass to apply a composition for polymerization comprises a cleaning step 
by a sequential treatment of glass with a concentrated alkali, acid, and a step of chemical 
modification of glass by using solutions of 3-trimethoxysilylpropyl methacrylate, 3- 
trimethoxysilylpropyl methacrylamide, 3-trimethoxysilylpropyl acrylamide, and 3- 
glicidyloxypropyl trimethoxysilane in organic solvents. 

10 

In biochip, the structure of the cells' body is formed by application of the regular body of 
micro droplets of polymerization composition onto the support prepared. In the general case, 
any micro droplet comprises macromolecules of special type. Depending on the viscosity and 
other properties of the polymerization compositions, and on the desired size of biochip cells 
15 as well, uses are made of robots having microdispensers of various types, for application. 
Particularly, in case of application of viscous solutions having the content of glycerol over 
40%, uses are made of robot equipped with microdispensers of a rod (pin) type, such as robot 
"417 Arrayer" made in Afiymetrix Co. (USA). In this case, depending on the rod diameter of 
dispenser, it is possible to obtain droplets (and consequently gel cells) of various size. 

20 

Because of sequential application of droplets on formation the body, a discrepancy of duration 
of their contact with ambient air results in the different composition of droplets to the 
completion time of the application, mainly due to adsorption/desorption processes of 
atmospheric water. This phenomenon results in heterogeneity of cells' size in the body 

25 formed. For solving the problem, following the application, biochips are placed into the 
sealed container, which contains a polymerization mixture having the composition similar to 
the application mixture, but free of biological macromolecules. The volume of this mixture 
should exceed the aggregate volume of applied micro droplets at least two times. Usually, an 
incubation period of biochips in the container is at least 2 h. The biochips are further saturated 

30 with dried inert gas (nitrogen, argon, carbon dioxide, etc.). 

The polymerization process is initiated with UV-radiation (X > 312 nm) in the inert gas 
atmosphere. The biochips obtained are washed in distilled water at 60°C for 5 h, and air-dried 
at 25^C. 

35 

The compositions prepared may be stored at temperature minus 21''C at least for 1 year. 



18 

Polymerase chain reaction (PCR) over a chip 

A manufacturing oligonucleotide biochips is one of the most important application of the 
technology disclosed (immobilizing oligonucleotides in a gel by method of 
copolymerization). Uses are made of biochips prepared both in hybridization experiments 
5 and in performing more complex processes, such as polymerase chain reaction (PCR) over a 
chip. Following are set forth the demonstration examples of utilization of PCR over a chip 
(both in cases where PCR-soIution covers gel cells of chip and where PCR proceeds only 
inside of gel cells being isolated each other and surrounded with a mineral oil). 

10 Reaction PCR over a chip is also applied for a total characterization of copolymerized gel 
elements of chip having various compositions and for selection of the optimal method of their 
preparation. The main factors affecting an efficiency of PCR-analysis over the chip are a 
facile diffusion of DNA fragments measuring about 140 nucleotides (gel porosity), stability of 
cells over a broad range of pulsating temperatures, and availability and efficiency of 

15 participation of immobilized oligonucleotide in hybridization and allele specific polymerase 
reaction to elongate its chain. 

Example 8 sets forth a procedure for carrying out the PCR over a chip. 
Figs. 5, 6 illustrate the results of PCR-analysis over the chip. 

20 

The subject matter of invention is further disclosed by the specific Examples not to be 
construed as a restriction of the following claims. 

Examples 

25 Example 1. Synthesis of 2-(N-methacrylaminoethyI)-N,N'-diisopropyl-2-cyanoethyl 
phosphoramidite 

Methacrylic acid 4-nitrophenyl ester. A solution of 1,3-dicyclohexyl carbodiimide (2.68 g, 
12.98 mmole) in ethylacetate (7 mL) is added to the solution of methacrylic acid (1.015 g, 
11.79 mmole) and 4-nitrophenol (1.804 g, 12.98 mmole) in ethylacetate (14 mL) at 0°C and 
30 the mixture is strirred for 15 h at room temperature. A suspension is filtered through a glass 
filter. The filtrate is evaporated in vacuum reducing a volume to 10 mL and cooled down to 
minus 50°C. The precipitate formed is readily filtered through a glass filter and dried in 
vacuum. Yield is of 2.12 g (87%), Rf = 0.86 (acetone/petroleum ether = 3:2), melting point 
(Mp) 94-95°C. 
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'H NMR (DMSO-dfi) 5: 2.10 (s, 3H, CH3), 5.95 (s, IH, CH2=), 6.33 (s, IH, CH2=), 7.50 

(apparent d, J= 9.0 Hz, 2H, C6H4), 8.31 (apparent d, J= 9.15 Hz, 2H, C6H4). 

'^C NMR (DMSO-de) 6: 18.85 (CH3), 124.16, 126.20, 145.98, 156.43 (C6H4), 129.67, 135.72 

(CH2=C), 165.51 (-COO-). 
5 Calculated for C,oH9N04: C, 57.97; H, 4.35%; 
Found: C, 57.99; H, 4.50%. 

A'-(2-Hydroxyethyl) methacrylamide. A solution of ethanolamine (2.94 g, 48.30 nunole) in 
acetonitrile (40 mL) is added to the solution of methacrylic acid 4-nitrophenyl ester (5.00 g, 
10 24.15 mmole) in acetonitrile (40 mL) at 0°C and the mixture is stirred for 15 h at room 
temperature. A suspension is filtered through a glass filter. The filtrate is evaporated in 
vacuum. The residuum is purified using silica column flash chromatography 
(acetone/petroleum ether = 3:2). Yield is of 2.804 g (90%), Rf = 0.41 (acetone: petroleum 
ether = 3:2), a straw oil. 

15 

'H NMR (DMSO-dfi) 5: 1.85 (s, 3H. CH3), 3.17 (apparent q, J= 5.92 Hz, 2H, NH-CH2), 3.42 
(apparent q, J= 5.91Hz, 2H, -CH2O-), 4.55 (t, J= 5.29Hz, IH, OH), 5.26 (apparent s, IH, - 
CH=), 5.65 (apparent s, IH, -CH=), 7.75 (br s, 7H, -NH-). 

'^C NMR (DMSO-dfi) 8: 19.61 (CH3), 42.74 (-NH-CH2), 60.75 (-CH2O-), 119.67, 140.85 
20 (CH2=C), 168.34 (-COO-). 

Calculated for C6HUNO2: C, 55.81; H, 8.53%; 
Found: C, 55.87; H, 8.64%. 

2-(N-methacrylaininoethyl)-N,N'-dMsopropyI-2-cyanoethylphosphorainidite 

25 A solution of tetrazol (0.095 mmole) in acetonitrile (0.25 mL) is added to the solution oiN- 
(2-hydroxyethyl) methacrylamide (0.1 mmole) in acetonitrile (0.25 mL) and 2-cyanoethyl- 
N,N'-tetraisopropyl phosphoramidite (0.095 mmole). The mixture is stirred for 30 min at 
room temperature. The precipitate formed is readily filtered through a glass filter and the 
filtrate is used in solid-phase synthesis of oligonucleotides without purification. 

30 

Example 2. Synthesis of methacrylamido-CPG carrier 

Succinic anhydride (0.060 g, 0.3 nunole) and 4-(iyiiV-dimethylamino)pyridine (DMAP, 
0.037 g, 0.3 mmole) are added to solution of A^-(2-hydroxyethyl)-//-{2-[di-(4- 
methoxyphenyl)-phenylmethoxy]ethyl} methacrylamide (0.143 g, 0.3 mmole) in dry pyridine 
35 (3 mL). The mixture allows standing for 12 h at room temperature. A saturated solution of 
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NaHCOa (2 mL) is added to the mixture. A solvent is evaporated in vacuum. Residuum is 
dissolved in ethyl acetate (5 mL) and an organic layer is sequentially washed with saturated 
solution of NaHCOa, several times with water, dried with anhydrous Na2S04 and filtered. A 
solvent is evaporated to obtain colorless syrup. Residuum is dissolved in dry pyridine (30 
5 mL). To the solution, 2,2'-dipyridyl disulfide (0.060 g, 0.3 mmole), triphenyl phosphine 
(0.079 g, 0.3 mmole), and the LCA CPG (LOO g) are added. A suspension is concentrated in 
vacuum to a volume of 15 mL and held for 24 h at room temperature under periodically 
shaking. The suspension is filtered through a glass filter and residuum is sequentially washed 
with dry pyridine several times. The "capping" solution (acetic anhydride/DMAP/2,6- 
10 lutidine/acetonitrile) (10 mL) is added to the residuum washed and the mixture allows 
standing for 5 min. Residuum is sequentially weished with dry pyridine several times, acetone, 
and diethyl ether. The modified CPG-carrier isobtained having a concentration of unsaturated 
groups of 33.7 punole/g (by test to a trityl group). 

15 Example 3. General procedure of acylation on synthesis of oligonucleotides with 
unsaturated groups 

An acylation procedure for oligonucleotides having end-group of aliphatic amine with 
methacrylic acid 4-nitrophenyl ester is disclosed as an example. 
20 The solution of methacrylic acid -^-nitrophenyl ester (3.2 micromole) in 

dimethylformamide (110 ^iL) is added to solution of modified oligonucleotide (32.1 
nanomole) comprising unprotected amine group at 5'- end (or 3'-) in a borate buffer (50 p.L, 
pH 9.53). 

25 Homogeneous solution is allowed to stand ovemight at 40^C, Nucleotides are separated by 
gel-filtration over Sephadex G25 and purified by using reverse phase HPLC. Yield exceeds 
72%. 

Example 4. O-Acylation of DNA fragments with unsaturated acid anhydrides. 

30 A solution of methacrylic acid anhydride (15 |xL) in dimethylformamide (100 |iL) is 

added to a fragment of DNA (10 picomole) dissolved in H2O (50 |j.L) and cooled down to 5°C, 
then a solution of sodium hydroxide is added by small portions, and the pH-value being 
maintained at 7.0. To reaction mixture is added water (500 |j.L) 15 min later, and the volume of 
reaction medium is brought to 50 |iL by sequential addition of some portions of anhydrous 

35 butanol. The modified DNA fragment is precipitated with a solution of lithium perchlorate in 
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acetone (2%, V=1000 |iL) at minus 21°C. The precipitate is centrifuged and washed with 
acetone. 

Example 5. Amination of DNA followed by acylation with activated ester of unsaturated 
5 acid 

Formic acid (80%, 20 |j.L) is added to the solution of oligonucleotide or DNA fragment 
(39.3 nmole) in H2O (15 |iL) and held at room temperature for 1 h. The oligonucleotide matter 
is further precipitated with a solution of lithium perchlorate in acetone (2%, V=1000 ^iL), 

10 washed with acetone, and dried. The solution (0.5M) of ethylenediamine hydrochloride (50 |iL, 
pH 7.4) is added to the depurinized DNA and held for 3 h, at 37°C. Then the makeup solution 
of sodium hydroboride in water (15 |iL, 0.1 M) and, 30 min later, the solution of 
ethylenediamine hydrochloride (20%, 14.75 p.L) are added. The oligonucleotide matter is 
precipitated with solution of lithium perchlorate in acetone (2%, V=1000 ^iL), washed with 

15 acetone and dried. Residuum is dissolved in the borate buffer (50 |iL, pH 9.3) and the solution 
of methacrylic acid p-nitrophenyl ester (0.001 g) in dimethylformamide (100 |iL) is added 
thereto. The solution is held for 12 h at 35*'C. The modified DNA fragment is purified by gel- 
filtration. 

20 Example 6. Modification of proteins at amine group 

The procedure of the protein Bamase modification is set forth as an example. A solution of 6- 
methacryloylaminohexanoic acid succinimide ester (20 jxL) (C=0.1 mg/mL) in 
dimethylformamide is added to 100 \iL of Bamase solution (C=l mg/mL) in 0.01 M borate 
buffer (pH 8.3). A reaction mixture is strirred for 30 min at room temperature. The modified 

25 protein obtained is further purified of low molecular weight reaction products and of 
dimethylformamide over microconcentrators Nanosep 3K Omega by washing the protein with 
a borate buffer (pH 8.3). In 100 ^iL of buffer solution, the protein purified has the fined 
concentration of 0.9 Mr/mL as defined by spectrophotometric analysis. The modified protein 
obtained comprises one inserted 6-methacryloylaminohexanoic group according to MALDI- 

30 MS analysis. 

The variation of ratio protein/modifying agent allows preparing a protein of various extent of 
modification. 

35 Example 7. Alkylation of proteins at SH groups 

The procedure of alkylation of aspartate-aminotransferase from cytosol of hen's liver with 
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2-acryloyloxyethyl methacrylate is set forth as an example. 

A solution of 2-acryloyloxoethyl methacrylate (0.012 g, 65.2 nmole) in dimethylformamide (3 
is added to the solution of aspartate-aminotransferase (9 ^L, 3.33 mg/mL) in a buffer (25 
5 mM HEPES, pH 8.0, 30 mM KCl, 2 mM MgCb) cooled down to 5°C. The homogeneous 
solution allows standing for 1 h and modified protein is further pvirified over membrane filters. 
The effectiveness of protein modification is controlled by an electrophoretic method. Modified 
protein is utilized for manufacturing protein microchips. 

Synthesis of 2-acryloyloxyethyl methacrylate 

10 Acrylic acid chloride (0.744 g, 8.22 mmole) is added to the solution of 2-hydroxyethyl 
methacrylate (1.070 g, 8.22 nunole) and triethylamine (0.832 g, 8.22 mmole) in 
tetrahydrofiirane (25 mL) under vigorous stirring. The mixture is strirred at room temperature 
for 1 h, the precipitate formed is filtered off, and the filtrate is concentrated. Water (30 mL) is 
added to oil obtained and the mixture is vigorously shaken. After separation of water layer, 

15 ethyl acetate (15 mL) is added, the organic layer is dried over sodium sulfate and is 
evaporated in rotary evaporator under 18 nmi Hg. Yield is of 81%, oil. 

'H NMR (DMSO-dfi) 8: 1.87 (s, 3H, CH3), 3.34 (m, 2H, O-CH2), 3.37 (m, 2H, -CH2-O), 5.68 
(apparent s, IH, CH2=); 6.02 (apparent s, IH, CH2=); 5.96 (dd, J,=10.26 Hz, J2=1.87 Hz, IH, 
CH2 =); 6.33 (dd, J,= 17.13 Hz, J2= 1.55 Hz, IH, CH2=); 6.19 (dd, J,= 17.13 Hz, J2 =10.28 
20 Hz, 1H,=CH-). 

Calculated for C9H12O4: C, 58.70; H, 6.52%; 
Found: C, 58.63; H, 6.64%. 

Example 8. Polymerase chain reaction (PCR) over a chip 

25 A typical PCR-experiment in situ is performed over a chip in special micro-camera as 
described earlier (Strizhkov et al., 2000). Using the copolymerization method, in different 
cells of chip, oligonucleotides are immobilized completely corresponding to a sequence of 
wild type, or oligonucleotides which comprise an oligonucleotide substitute at 3 '-end. 
Standard PCR-solution (67 mM Tris-HCl, pH 8.6; 2.5 mM MgCh; 16.6 mM (NH4)2S04; 

30 0.001% Triton X-100; 1 mg/mL BSA; 0.24 mM each of dATP, dCTP, dGTP, and dTTP; 2.5 
U Taq of DNA-polymerase in 30 p.L) also contains about 10^ copies of the genomic DNA of 
Mycobacterium tuberculosis, as well as forward (F) primer (about 1 picomole) and labeled 
with Texas Red at 5'-end reverse (R) primer (about 10 picomole). Usually, there are 
performed 35 PCR-cycles: 40 s at 95°C, 60 s at 64°C, and 40 s at 72°C. Once the PCR has 
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finished, the chip is washed with solution of sodium chloride (0.1-0.3 M) at 80°C 
consequently there remains only duplexes with elongated (due to reaction) primer over the 
chip, which may be detected by a fluorescent microscopy. 

Fig. 5 illustrates the result of one of these experiments. 

5 PCR inside of gel elements under mineral oil 

A special experiment is performed to demonstrate an opportunity to realize the polymerase 
chain reaction totally over a chip inside of individual gel element being obtained by 
copolymerization method. The option of PCR over a chip under mineral oil is utilized (Tillib 
et aL, 2001). Use is initially made of the fragmented (200-300 nucleotides), denaturized 

10 genomic DNA of M tuberculosis for hybridization with the corresponding oligonucleotides 
over a chip as described in the experiment above. Then, after washing the DNA not involved 
in hybridization, the chip is incubated with the standard PCR-solution (see above) for 30 min 
at SS^'C. Water solution is substituted with a mineral oil and PCR is performed (30 cycles): 
40 s at 72°C, 40 s at PS^'C, and 60 s at 64°C. Subsequent to the final step of elongation (10 

1 5 min at 72°C), the biochip is carefully washed first with chloroform, then with a solution of 
sodium chloride (0. 1-0.3 M) at 80°C, and is further examined by fluorescent microscopy. 

Fig. 2 shows the result of such an experiment. One may see that allele specific PCR-reaction 
again proceeds quite efficiently in cells v^dth a primer being entirely complementary to the 
20 primer of DNA used (wild type, wt, cf. cells with C4 primer). This reaction proceeds notably 
weaker in cells with a primer comprising an oligonucleotide substitute at 3 '-end (mut, C5 
primer) (Fig. 6). 
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24* 
CLAIMS 

1. A method for preparing compositions (K) for immobilization of biological 
macromolecules: oligonucleotides, proteins, DNA (RNA), or any other molecules bearing 
unsaturated groups, characterizing in that said compositions have the following formula: 

5 K = AHB*'+C*'+D''+E'' 

wherein 

A is acrylamide, methacrylamide, iV-[tris(hydroxymethyl)methyl]acrylamide, or any 
other monomer based on derivatives of acrylic and methacrylic acids; 

B is TV^-methylenbisacrylamide, iy;Ar-l ,2-dihydroxyethylenebisacrylamide, 
1 0 polyethyleneglycol diacrylate, a mixture thereof or other cross-linking water soluble agent; 

C is a modified oligonucleotide, modified nucleic acid, protein or other molecule 
bearing an unsaturated group; 

D is glycerol, sucrose, A/;A^-dimethylformamide, dimethylsulfoxide, polyhydric 
alcohols (e.g., polyvinyl alcohol), or other water soluble high-boiling compoimd; 
15 E is water; 

K is a composition; 

a,b,c,d,e are percentages (X) of each ingredient in the initial composition (for solids X 
= m/vx 1 00% and for liquids X = v/vx 1 00%); 

3%<a+b<40%; 0.000 l%<c<10%; 0%<d<90%; 5%<e<95%, 
20 and allow obtaining a high extent of immobilization of biological macromolecules by using a 
copolymerization in hydrogels. 

2. A method of claim 1 wherein monomers (A, B) are acrylamide, methacrylamide, 
[tris(hydroxymethyl)methyl]acrylamide, A^,Ar-methylenebisacrylamide, A/;A^-(1,2- 
dihydroxyethylene)bisacrylamide, polyethyleneglycol diacrylate or other water soluble 

25 unsaturated compound. 

3. A method of claim 1 wherein C is a modified oligonucleotides, nucleic acids, proteins 
or other molecules bearing an unsaturated group. 

4. A method of claim 1 wherein D is glycerol, polyvinyl alcohol, sucrose, or other water 
soluble high-boiling compound. 

30 5. A method of claim 2 wherein the total content of monomer and cross-linking agent in 
the initial composition ranges from 3 to 40% (3<T<40), and the monomer to cross-linking 
agent ratio being in the range of 97:3-60:40% (3<C<40). 

6. A method of claim 3 wherein 0.0001%<c<10%. 
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7. A method of claim 4 wherein 0%^d^90%. 

8. A method of claim 1 wherein 5%<e<95%. 

9. A method of claim 1 wherein a polymeric hydrogel is obtained by copolymerization of 
mixtures of combinations from acrylamide, methacrylamide, JV-[tris(hydroxymethyl)- 

5 methyl]acrylamide, jV^-methylenebisacrylamide, iy;i\r-(l,2-dihydroxyethylene)- 
bisacrylamide, polyethyleneglycol diacrylate or other water soluble unsaturated compounds. 

10. A method of claim 1 wherein hydrogels, having a predetermined pore size and 
improved thermal stability, are to be prepared by varying the combinations of composition 
ingredients. 

10 11. A method of claim 1 wherein modified oligonucleotides have the following structure: 



r! R 



r2 ^NA 



N Z 



(I) 

wherein 

15 R', R^ represent H, alkyl C-Cg, Ph, PhCHj- ; 

Z is (CH2)nCH(CH20H)CH20X where n = 1-6; or (CH2)n-OX where n = 2-6; 

X is a phosphodiester group binding an imsaturated moiety to 5'- and/or 3 '-end of the 

oligonucleotide; 

R"* represents H, (CH2)nOH where n = 2-6; 

20 Y is (p-C6H4)n where n = 0-2. 

12. A method of claim 11 wherein a modification of oligonucleotides with xmsaturated 
groups is performed in automatic conditions. 

13. A method of claim 11 wherein a modification of oligonucleotides with unsaturated 
groups is performed by using phosphoramidite of general formula: 

25 
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\ 




OCNEt 
I 



c=c. 




O (CH2)„0^^>I(iPr), 



R2 



Y- 



wherein 



5 



R*, are H, alkyl Ci-Ce, Ph, PhCHz-, where n = 2-6; 
R^ is alkyl Ci-Ce; 



R'* represents H, (CH2)„-ODMT where n = 2-6; 
Y is 0?-C6H4)„ where n = 0-2. 
14. A method of claim 1 1 wherein a modification of oligonucleotides with unsaturated 



10 15. A method of cleiim 14 wherein a modification of oligonucleotides with unsaturated 



ester of unsaturated acid. 

16. A method of claim 15 wherein an activated ester of imsaturated acid represents 4- 
nitrophenyl ester. 

15 17. A method of claims 12 and 14 wherein a modification of oligonucleotides with 
unsaturated groups is performed at 5 '-end of oligonucleotide. 

18. A method of claims 12 and 14 wherein a modification of oligonucleotides with 
unsaturated groups is performed at 3 '-end of oligonucleotide. 

19. A method of claim 3 wherein modified DNA firagments are selected from formulas IV, 



groups is performed in post-automatic conditions. 



groups is performed by acylation of amino-linker comprising oligonucleotide with activated 



20 V,VI 




IV 
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wherein: 

R\ are alkyl CrC6, Ph, PhCHa- ; 

Z is (CH2)nCH(CH20H)CH20X where n = 1-6; or -(CH2)n-OX where n = 2-6; 
X is a phosphodiester group binding an vmsaturated moiety to 5 '-end and/or 3 '-end of 
oligonucleotide; 

R"^ represents H, (CH2)nOH where n = 2-6; 

Y is (p-CeH4)n where n = 0-2; 

or 

5»_X-(>-DNA-3'^0-Z 
(V) 

wherein 

X is H, H2PO3, -C0-Y-CR^=CR^R'; 

Z represents H, H2PO3, -C0-Y-CR^=CR^R' 

r', R^ R^ are H, alkyl Ci-Ce, Ph, PhCHj- ; 

Y represents (p-CelU^ where n = 0-2. 



DNA 




or 

wherein: 

R', R^ R^ are H, alkyl C-Ce, Ph, PhCHa- ; 

Y is (p-C6H4)n where n = 0-2. 
20. A method of claim 19 wherein modified DNA fragments with formula IV are prepared 
by PCR-amplification using a synthetic primer bearing an unsaturated group at 5'-(3')-end. 
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21. A method of claim 19 wherein modified DNA fragments with formula V are prepared 
by direct acylation of DNA fragments with anhydrides of unsaturated acids 

22. A method of claim 19 wherein modified DNA fragments with formula VI are prepared 
by araination of the DNA followed by acylation with activated esters of unsaturated acids. 

23. A method of claim 3 wherein modified proteins are selected from formulas VIII, X, XI 



Ri R3 o 

A 

H 

O 
VIII 

r', R^ are H, alkyl C-Cg, Ph, PhCHj- 

Y is (p-C6H4)n, where n = 0-2; 

R is (CH2)„, (CHiCHzOV. n = 1-20; 



^--^^T-^^^ ^NH-PROTEIN 
R2 Y"^ N ^ ^ 




wherein 



or 



PROTEIN 



wherein 

r', R^ R^ are H, alkyl C.-Ce, Ph, PhCHj- ; 

Y is (p-C6H4)n, where n = 0-2; 

R is (CH2)n, (CH2CH20)n, n = 1-20; 

XisNH, O, S, CH2; 

W is NH, O, CH2; 

Fis (CH2)n,n=1.2; 

Z is NH, S. 



or 
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l-R-NH.<X)C(CHj)=CH, 



XI 



24. A method of claim 23 wherein modified proteins with formula VIII are prepared by 
acylation of amino groups with activated esters of corresponding unsaturated acids. 

25. A method of claim 24 wherein activated esters have the following structure: 




vn 

wherein: 

r', R^ areH. alkyl C-Ce, Ph, PhCHz- ; 

Y is (p-C6H4)„, where n = 0-2; 

R is (CH2)n, (CH2CH20)n, where n = 1 -20; 

X is N-hydroxysuccinimidyl-, /?-nitrophenyloxy-, pentafluoro phenyloxy-, or any other 
readily leaving acceptor group; 

Z is NH, O, CH2, S. 

26. A method of claim 23 wherein modified proteins with formula X are prepared by 
alkylation of amino- or sulfhydryl groups with derivatives of a,p-unsaturated carbonyl 
compounds, a,p-unsaturated, and a-halocarboxylic acids 
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27. A method of claim 23 wherein modified proteins with formula XI are prepared by 
treatment of a His-6 recombinant protein with N-methacryoyl nitrilotriacetic acid in the 
presence of salts of bivalent nickel. 

28. A method of claim 27 wherein N-methacryoyl nitrilotriacetic acid have the following 
5 structure: 

CH2=C(Me)-CO-NH-R-CH(COOH>-N(CH2COOH)2, 

XII 

wherein R represents (CH2)n, (CH2CH20)n, n = 0-20. 

29. A method of claim 26 wherein a,p-unsaturated carbonyl compounds have the following 
10 structure: 



Ri R3 9 

R2 y X 

IX 




wherein 

R\ are H, alkyl C-Ca, Ph, PhCH2- ; 

15 Y is 0-C6H4)n, where n = 0-2; 

R is (CH2)n, (CH2CH20)n, ti = 1-20; 
X is NH, O, S, CH2 ; 
W is NH, O, CH2; 

Z is a halomethyl, vinyl, succinimidyl, or any other fragment comprising an active 
20 multiple bond. 

30. A method of claim 1 wherein gel layer formed on a support is divided by empty spaces 
into several cells and each cell will comprise or not comprise macromolecules immobilized, 
and macromolecule being inmiobilized in various cells will have different nature and 
properties. 

25 31. A method of claim 30 wherein said cells form the regular one- or two-dimensional 
structure (phase). 
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32. A method of claim 30 wherein an application of the polymerization mixture on support 
is carried out by using an automatic device (robot) equipped with one or more micro 
dispensers. 

33. A method of claim 32 wherein use is made of micro dispensers of rod type. 

5 34. A method of claim 32 wherein use is made of non contactless micro dispensers of jet 
type. 

35. A method of claim 32 wherein use is made of several micro dispensers forming a 
regular structure. 

36. A method of claim 30 wherein before polymerization, one or more supports including 
10 applied droplets of polymerization mixture are held in a sealed container which contains the 

similar polymerization mixture in amounts exceeding at least two times the aggregate volume 
of applied polymerization mixture. 

37. A method of claim 30 wherein before and during polymerization, one or more supports 
including applied droplets of polymerization mixture are placed in a sealed container under 

1 5 oxygen free inert atmosphere with a controlled humidity. 

38. A method of claim 37 wherein said container is filled with one of the following gases: 
N2, Ar, CO2. 

20 39. A method of claim 36 wherein gaseous medium is continuously or periodically restored 
in the container with supports. 

40. A composition for immobilization of biological macromolecules: oligonucleotides, 
proteins, DNA (RNA), or any other molecules bearing the unsaturated groups having the 
following formula: 

25 K = A^+B"*+C'+D*'+E* 

wherein 

A is acrylamide (AA), methacrylamide (MAA), A^-[tris(hydroxymethyl)methyl]- 
acrylamide (TA), or any other monomer based on derivatives of acrylic and methacrylic 
acids; 

30 B is iV,Ar-methylenbisacryiamide (Bis), A^,Ar-l,2-dihydroxyethylenebisacrylamide 

(DHEBA), polyethyleneglycol diacrylamide (PEGDA), a mixture thereof or any other cross- 
linking water soluble agent; 

C is a modified oligonucleotide, modified nucleic acid, protein or other molecule 
bearing an unsaturated group; 
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D is glycerol, sucrose, A/jJV-dimethylformamide, dimethylsulfoxide, polyhydric 
alcohols (e.g., polyvinyl alcohol), or other water soluble high-boiling compound; 
E is water; 
K is a composition; 

a,b,c,d,e are percentages (X) of each ingredient in the initial composition (for solids X 
= m/vx 100% and for liquids X = v/vx 100%); 

3%<a+b<40%; 0.0001%^c^lO%; 0%<d<90%; 5%<e<95%. 

41. A modified oligonucleotides of the following structure: 

N — Z 

wherein 

r', R^ R^ represent H, alkyl C,-C6, Ph, PhCH2- ; 

Z is (CH2)nCH(CH20H)CH20X where n = 1-6; or (CH2)n-OX where n = 2-6; 

X is a phosphodiester group binding an unsaturated moiety to 5'- and/or 3 '-end of the 

oligonucleotide; 

r" represents H, (CH2)nOH where n = 2-6; 

Y is (p-C6H4)n where n = 0-2. 

42. Phosphoramidites of general formula: 



OCNEt 



ai) 

wherein 

r\ R^ are H, alkyl Ci-Ce, Ph, PhCHi-, where n = 2-6; 
R^ is alkyl Ci-Ce; 

R" represents H, (CH2)nODMT where n = 2-6; 
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Y is (p-CeHOn where n = 0-2. 
43. A carrier porous glass (CPG) of the following structure: 




III 



wherein: 

K\ are H, alkyl C-Ce, Ph, PhCHj-; 

is alkyl Ci-Ce; 
Y is (p-C6H4)n, where n = 0-2. 
44. A modified DNA fragments of the following structure: 




N Z 



IV 

wherein: 

r', R^ R^ are H, alkyl Ci-Cg, Ph, PhCHj- ; 
R'* represents H, (CH2)„OH where n = 2-6; 
Y is (p-C6H4)n where n = 0-2; 

Z is (CH2)nCH(CH20H)CH20X where n = 1-6; or -(CH2)n-OX where n = 2-6; 
X is a phosphodiester group binding an unsaturated moiety to 5'- and/or 3'-ei 
oligonucleotide, 
or 

5'-X-0-DNA-3'-0-Z 
(V) 

wherein 

X is H, H2PO3, -C0-Y-CR'=CR^R'; 

Z represents H, H2PO3, -CO-Y-CR^=CR'r' 

R', r\ R^ are H, alkyl C-Cg, Ph, PhCHj- ; 
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Y represents (p-C6H4)ii where n = 0-2. 

or 



DNA 



OH 



VI 



wherein: 

R', are H, alkyl C-Ce, Ph, PhCHa- ; 

Y is (p-C6H4)n where n = 0-2. 
45. A modified proteins of the following structure: 



Ri R3 o 

R, Y N 




NH-PROTEIN 



O 



10 



wherein 



VIII 

R\ R^ R^ are H, alkyl C-Cg, Ph, PhCHi- ; 

Y is (p-C6H4)n, where n = 0-2; 

R is (CH2)n, (CH2CH20)„, n = 1-20; 



15 or 



35 




o 

X 



wherein 

r', are H, alkyl Ci-Ce, Ph, PhCHi- ; 

Y is (p-C^4)n, where n = 0-2; 

R is (CH2)„, (CH2GH20)„, n = 1-20; 

XisNH, O, S, CH2; 

WisNH, O, CH2; 

Fis (CH2)„,n=1.2; 

ZisNH, S. 




I-R-NH-OOC(CI^>=CI% 



XI 



46. a,p-Unsaturated carbonyl compounds of the following structvire: 
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wherein 



R\ R\ are H, alkyl d-Ce, Ph, PhCHj- ; 

Y is (p-C6H4)„, where n = 0-2; 

R is (CH2)„, (CH2CH20)„, n = 1-20; 

XisNH, O, S,CH2; 

WisNH, O, CH2; 

Z is a halomethyl, vinyl, succinimidyl, or any other fragment comprising an active 
multiple bond. 

47. Activated esters of the following structure: 



R', R^ R^ areH, alkyl d-Ca, Ph, PhCHj- ; 

Y is (p-C6H4)n, where n = 0-2; 

R is (CH2)n, (CH2CH20)„. where n = 1-20; 

X is N-hydroxysuccinimidyl-, i?-nitrophenyloxy-, pentafluoro phenyloxy-, or any other 
.readily leaving acceptor group; 
Z is NH, O, CH2, S. 



Ri 




R3 o 



wherein: 



48. N-Methacryoyl nitrilotriacetic acid of the following structure: 

CH2=C(Me)-CO-NH-R-CH(COOH)-N(CH2COOH)2, 

wherein R represents (CH2)„, (CH2CH20)„, n = 0-20. 



37 



49. A method for performing the PCR-amplification of specific DNA fragments wherein 
said amplification proceeds both over and inside of plurality of gel cells of microchip being 
prepared by a copolymerization method comprising the following steps: 

(a) preparation of microchip having a specific sets of oligonucleotides (primers) being 
immobilized by method of copolymerization in certain addresses (three- 
dimensional isolated gel cells) of the chip; 

(b) addition of solution comprising an amplification buffer, primers, and nucleic acids 
under investigation; 

(c) carrying out the PCR-amplification by method of thermo cycling treatment to 
result in forming numerous amplification products and in performing an allele 
specific elongation of primers inmiobilized. 

50. A method for performing the PCR-amplification of specific DNA fragments wherein 
said amplification proceeds inside of plurality of microchip's gel cells surrounded with a 
hydrophobic liquid, which microchip is prepared by a copolymerization method comprising 
the following steps: 

(a) preparation of chip having a specific sets of primers being immobilized by method 
of copolymerization inside each of gel cells; 

(b) addition of solution comprising nucleic acids imder investigation and nucleic acids 
under investigation and performing a hybridization of said nucleic acids with 
primers immobilized inside of gel cells; 

(c) replacement of hybridization solution with the amplification solution; 

(d) replacement of water amplification solution with the hydrophobic liquid (mineral 
oil) which completely isolates chip cells with each other and surrounds each of cells; 

(e) performing a PCR-amplification inside each of gel cells by method of thermo 
cycling treatment. 
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ABSTRACT 

The present invention refers to the field of molecular biology and bioorganic chemistry and 
deals, with compositions for immobilization of modified oligonucleotides, proteins, nucleic 
acids or any other molecules bearing the unsaturated groups in a hydrogel, in manufacturing 
microchips by method of photo-initiated copolymerization. The invention also refers to the 
technology for manufacturing microchips and to performing a polymerase chain reaction 
(PGR) over a chip having an application in molecular biology for sequencing and mapping of 
DNA, detection of mutations, and in a whole lot of medical applications. 



